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PREFACE 


At  the  present  day  many  j^eople  are  greatly  interested  in 
oil  and  gas,  but  the  impression  among  most  inquirers  is  that  the 
discovery  of  oil  and  gas  accumulations  is  a  matter  of  chance, 
and  although  this  number  is  gradually  diminishing,  still  even 
among  practical  oil  men  geological  evidences  are  quite  often 
neglected.  This  is  due  to  the  fact  that  the  methods  of  the  geolo- 
gist are  not  understood,  and  in  many  cases  prejudice  against  him 
has  hindered  his  work  and  prevented  co-operation  between  the 
scientific  and  the  practical  investigator. 

To  that  class  who  are  interested  only  in  the  investing  or 
speculating  features  of  the  industry,  geology  is  almost  unknown. 
Advertisements  or  prospectuses  of  oil  and  gas  ventures  are  often 
coupled  with  a  geological  report,  and  whether  such  reix)rt  is 
merely  an  extract  or  is  given  in  full,  the  investing  public  is  unable 
to  analyze  its  contents  and  pass  judgment  upon  its  merits. 

There  are  valuable  books  written  on  this  subject,  the  majority 
of  which  are  intended  for  the  professional  geologist,  and  although 
invaluable  to  him,  they  are  too  technical  or  cover  only  a  certain 
branch  of  oil  and  gas  prospecting  and  producing.  The  profes- 
sional geologist  will  notice  that  in  this  book  an  attempt  is  made 
to  put  before  practical  oil  men  and  the  general  public  the  various 
tools  and  methods  of  the  scientific  oil  and  gas  prospector  of  the 
present  day,  avoiding  lengthy  discussions  and  confining  its  scope 
mostly  to  descriptions  and  explanations,  by  means  of  which  it  is 
hoped  that  those  interested  will  be  brought  into  a  more  intimate 
relationship  with  the  geologist,  and  thus  they  may  realize  just 
what  may  be  expected  of  him  and  how  much  service  he  may 
render  in  eliminating  a  great  number  of  unnecessary  chance 
methods  frequently  used  at  the  present  day. 


vi  PREFACE 

Another  class  of  readers  to  whom  the  author  hopes  this 
treatise  will  be  of  assistance  is  composed  of  those  who  intend  to 
take  up  and  follow  the  profession  of  Oil  and  Gas  Geology.  For 
them  it  may  serve  as  an  elementary  work,  on  the  subject  and  form 
an  outline  of  the  various  phases  of  study  that  make  up  this  sub- 
ject. They  will  find  the  different  branches  of  the  science  treated 
briefly,  and  along  those  lines  which  will  lead  the  student  in  his 
further  study  and  researches.  In  short,  the  methods  of  the 
leading  oil  and  gas  companies  are  described  in  a  brief  manner, 
and  those  investigating  will  find  them  in  this  volume. 

The  writer  is  indebted  to  the  authors  of  a  number  of  valuable 
books  which  have  been  consulted  in  the  preparation  of  the  manu- 
script, among  which  are  the  excellent  reports  and  publications  of 
the  United  States  Geological  Survey  and  the  Bureau  of  Mines, 
as  well  as  those  of  the  various  State  geological  pubUcations, 
namely  Pennsylvania,  West  Virginia,  Ohio,  Oklahoma,  Texas 
and  Wyoming.  The  Transactions  of  the  American  Institute  of 
Mining  Engineers,  as  well  as  the  various  books  on  allied  subjects, 
such  as  Johnson  &  Huntley's  excellent  book,  "Principles  of  Oil 
and  Gas  Production,"  Dorsey  Hager's  "Practical  Oil  Geology," 
Victor  Ziegler's  "Popular  Oil  Geology,"  Grabau  and  Shimer's 
"Index  Fossils,"  and  Shimer's  "Introduction  to  the  Study  of 
Fossils"  have  also  furnished  valuable  assistance.  Further 
acknowledgments  are  made  along  with  the  illustrations  in  the 
book. 

The  author  wishes  not  only  to  give  credit  and  thanks  to  these 
authors,  but  also  to  recommend  their  works  to  those  who  intend 
to  go  into  the  study  in  greater  detail. 

A  great  many  practical  procedures  have  been  acquired  from 
numerous  practical  oil  men,  with  whom  the  writer  has  had 
enjoyable  business  relations,  and  from  whom  many  "wrinkles" 
have  been  learned,  and  it  is  hop)ed  that  this  book  will  assist  in 
strengthening  this  relationship  which  may  be  long  continued. 

To  the  officers  of  The  Ohio  Fuel  Supply  Company,  as  well  as 
the  great  number  of  friends  and  "co-workers"  with  whom  the 
author  has  associated  during  the  past  five  years,  he  is  indebted 
for  a  number  of  the  practical  forms  that  are  used;   and  to  Mr. 
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Herbert  W.  Hancock  of  the  Drilling  Department,  for  the  com- 
plete Drilling  Contract. 

Special  mention  is  due  Mr.  Roswell  H.  Johnson,  Professor 
of  Oil  and  Gas  Production  at  the  University  of  Pittsburgh,  whose 
teachings  of  the  fundamental  principles  of  Oil  and  Gas  Geology 
have  been  the  foundation  of  this  book. 

L.  S.  Panyity. 
Columbus,  O. 
Augxist,  1919. 
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PROSPECTING  FOR  OIL  AND   GAS 


CHAPTER  I 
COMPOSITION   AND    PROPERTIES    OF    OIL   AND    GAS 

Petroleum  and  natural  gas  are  among  the  most  important 
natural  resources  of  the  present  day.  From  the  crude  petroleum 
refined  products  are  obtained  by  various  processes  of  distillation, 
and  natural  gas  is  utilized  wherever  heat  and  fire  may  be  needed, 
with  excellent  results. 

Oil  and  gas  are  composed  of  a  mixture  of  hydrogen  and  car- 
bon, hence  known  as  hydrocarbons.  There  are  also  oxygen, 
nitrogen  and  sulphur  present  in  various  amounts,  but  merely  as 
impurities. 

One  speaks  of  crude  oil  as  having  either  a  parafiin  or  an  asphalt 
base,  def)ending  on  the  residue  remaining  after  the  evaporation 
of  the  lighter  constituents,  which  gives  rise  to  several  classifica- 
tions to  which  hydrocarbons  so  readily  lend  themselves.  In  so 
far  as  the  oil  and  gas  industry  is  concerned,  two  classifications 
are  of  importance,  namely,  the  paraffin  series  (oils  containing 
paraffin  for  a  base),  and  the  olefine  and  naphthene  series  (oils 
containing  asphalt  for  a  base). 

Chemical  analysis  of  hydrocarbons  shows  that  the  members 
forming  the  paraffin  series  are  composed  of  hydrogen  and  carbon 
in  a  regular  ratio,  that  is,  the  number  of  hydrogen  atoms  are 
equal  to  twice  the  number  of  carbon  atoms  plus  two;  this 
relation  is  represented  by  the  generalized  formula  C»H2«+2. 
The  value  of  such  formulae  will  be  apparent  when  the  various 
members  belonging  to  these  series  are  classified. 

The  most  volatile  member  of  the  paraffin  series  is  Methane, 
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or  Marsh  Gas  (CH4) ;  which  forms  an  important  part  of  natural 
gas,  also  found  in  swamp  and  coal  gases.  Increasing  the  propor- 
tion of  the  composing  elements  to  the  next  step,  we  have  Ethane 
(C2H6),  which  is  also  a  gas,  but  with  different  properties  than 
Methane.  The  differences  of  the  various  members  have  an 
orderly  relation  to  each  other  which  may  be  described  briefly  as 
follows:  Methane,  Ethane,  Propane  and  Butane  form  the  gaseous 
members,  the  boiling-points  of  which  are  increasing  in  order, 
which  for  Methane  is  — 165°  C.  and  that  of  Butane  +1°  C,  and 
as  the  boiling-points  become  higher  the  liquid  and  solid  members 
are  formed.  The  specific  gravity  of  the  various  liquids  as  well 
as  of  the  solids  increase  with  the  general  rising  of  their  boiling 
points. 

The  lower  members  of  the  paraffin  series,  which  are  especially 
characteristic  of  Pennsylvania  petroleum,  are  given  in  the 
following  list: 


Name. 

Formula. 

Boiling 
Point  C.°* 

Gravity  at 
60°  F.  {Bi). 

I .  Gaseous 

CH4 
GH, 
CHg 
CiHio 

C&Hu 
C«Hu 
CtHu 
CgHij 
C»H*) 
CioHb 

-i6s 

•     -  93 

-  45 

+     I 

36.3 
69 

98.4 
"5-5 
ISO 
173 

Methane 

Ethane 

Propane 

Butane 

a.  Liquid: 

Pentane 

92 

8S 
76 

71 
66 

Hexane 

Heptane 

Octane 

Nonane 

Decane 

63 

*  Boiling  Points,  from  F.  E.  Fowle.  in  Smithsonian  Physical  Tables. 


The  classification  of  the  olefine  and  naphthene  series  is 
similar  to  the  above,  the  generalized  formula  being  C»H2ii. 

Although  the  systems  given  above  are  sufficient  for  the  needs 
of  the  oil  man,  they  are  not  the  only  ones  in  use,  as  there  are 
numerous  other  regular  series,  and  the  generalized  formula  for 
some  of  them  is  given  below: 
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1.  C»H2k4-s Paraffin 

2.  C»H2» define  and  Naphthene 

3.  C»H2«-2 Acetylene 

4.  C»H2»-4 Rare 

5.  CiJl2«-« Benzene 

6.  C»H2ji-8 Rare 

In  some  fields  the  crude  oil  carries  both  asphalt  and  paraffin 
for  a  base,  and  such  are  known  as  mixed  base  oils. 

Determining  the  specific  gra\ity  of  crude  oil  is  the  most 
common  test  applied  by  the  oil  man.  In  order  to 
simplify  the  ordinary  specific  gravity  figures 
(which  are  obtained  by  the  comparison  of  the 
weight  of  oil  with  the  weight  of  an  equal  volume 
of  water  under  similar  conditions),  a  system 
known  as  the  Baume  scale  is  in  use.  On  this  scale 
water  ha\"ing  a  specific  gravity  of  1°  is  placed  at 
10°.  The  specific  gravity  of  oil  is  less  than  that 
of  water,  but  the  figures  on  the  Baume  scale  are 
so  arranged  that  they  increase  as  the  sf)ecific 
gravity  becomes  less,  so  that  the  heavier  oils  will 
have  a  lower  gravity  and  the  lighter  oils  a  higher 
one  on  the  Baume  scale.  It  is  possible  to  calcu- 
late the  specific  gravity  from  the  Baume  figure  by 
dividing  140  by  the  sum  of  130  and  the  Baume 
degree.  This  operation  may  be  expressed  in  the  form  of  a 
formula 


Fig.  I.— Hy- 
drometer. 


IJ.O 


Be.°-f-i30 


=  Specific  gravity. 


Thus,  if  the  Bamne  gravity  of  oil   is  36°  its  conversion  into 
specific  gravity  will  be  as  follows: 


140     _i40_ 


36+130     166 


0.8434  Sp.  gr. 


A  hydrometer,  equipped  with  the  Baum4  scale,  is  in  general 
use  in  establishing  the  gravity  of  the  oil.    The  instrument  is 
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simply  immersed  in  the  liquid  and  the  result  is  read  direct  from 
the  scale.     (Fig.  i.)     In  general  practice  the  gravity  of  oil  is 
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Fig.  2. — Effect  of  Change  of  Temperature  on  Baum£  Scale  Gravity  of  Oil. 


based  on  results  obtained  at  60°  Fahrenheit,  so  it  is  necessary 
to  make  an  allowance  for  readings  taken  when  the  temperature 
of  the  oil  is  more  or  less  than  60°  F.    Most  hydrometers  are 
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equipped  with  a  thennometer,  as  well  as  with  instructions  as  to 
how  much  allowance  is  to  be  made,  but  if,  however,  this  is  not 
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the  case  the  user  is  to  make  his  own  adjustment.     A  graph 
constructed  for  that  purpose  may  be  used.    (Fig.  2.) 
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The  weight  of  a  barrel  of  oil  varies  with  the  change  of  its 
gravity,  and  the  relation  existing  between  the  gravity  and  the 
pounds  of  oil  per  barrel  is  shown  by  the  curve  in  Fig.  3.  A 
rapid  calculation  of  the  weight  of  a  barrel  of  oil  may  be  made 
by  use  of  it. 

Paraffin  base  oils  generally  have  a  higher  gravity  than  the 
asphalt  base  oils,  also  the  color  of  the  oil  may  give  some  clue 
as  to  its  classification,  as  the  paraffin  oils  are  much  lighter  in 
color  than  are  the  asphalt  oils,  which  are  quite  dark  or  black. 
The  color  of  crude  oil  ranges  from  bright  yellow  to  black,  depend- 
ing of  course  upon  its  composition. 

The  odor  of  oil  and  gas  differs  in  various  localities,  but  the 
main  point  of  difference  noticeable  is  between  the  limestone 
oils  and  gases  and  those  produced  from  sandstones.  Limestone 
oil  and  gas  may  be  recognized  from  the  strong  odor  of  sulphu- 
reted  hydrogen,  which  is  not  only  disagreeable,  but  may  injure 
or  blind  the  eye  if  exposed  to  it  for  a  considerable  length  of  time. 
Gases  from  other  sources  do  not  act  in  such  a  manner. 

California  and  parts  of  Texas  produce  asphalt  base  oils, 
Illinois  a  mixed  base,  and  the  main'production  of  the  remainder 
of  the  oil-producing  States  are  paraffin  oils. 


CHAPTER  n 
ORIGIN   OF   OIL  AND   GAS 

Since  the  beginning  of  the  i8th  century  various  theories 
have  been  advanced  for  the  origin  of  oil  and  gas,  but  even  at 
the  present  day  the  controversy  is  still  active.  The  general 
nature  of  the  theories  places  them  into  two  distinct  classes:  the 
inorganic  and  organic  theories. 

Inorganic  Theories.  The  followers  of  the  inorganic  theory 
base  their  statements  on  the  assumption  that  as  hydrocarbons, 
resembling  petroleum,  have  been  produced  in  the  laboratory  by 
the  action  of  carbonic  acid  upon  alkali  metals,  that  similar 
reactions  may  take  place  at  great  depths  and  that  hydrocarbon 
compounds  may  be  produced  by  the  reaction  of  water  charged 
with  carbon  dioxide,  upon  metals  and  alkalies  at  high  tem- 
perature. 

This  Carbide  theory  meets  the  requirements  of  the  chemist, 
but  the  conditions  under  which  oil  and  gas  are  actually  found 
have  been  disregarded.  It  is  possible  that  carbides  exist  at  great 
depth,  and  no  doubt  heat  is  also  present,  but  the  fact  that  known 
pools  lie  in  a  zone  where  no  trace  of  either  may  be  found  is 
against  this  theory.  Rocks  forming  oil  and  gas  reservoirs  show 
without  a  doubt  that  they  have  never  been  subjected  to  great 
heat.  Igneous  and  metamorphic  rocks,  which  may  be  the 
source  of  the  necessary  carbides  and  also  permit  the  presence 
of  the  necessary  heat,  have  nowhere  been  found  to  contain  oil 
or  combustible  gas  in  commercial  quantities,  although  they 
would  be  considered  as  the  probable  place  for  the  origin  of 
p)etroleum  according  to  this  view.  Present  oil  pools  are  not 
found  in  the  existing  igneous  and  metamorphic  rocks,  but 
separated  from  them,  sometimes  by  great  thicknesses  of  fine- 
grained rocks,  and  the  possibility  of  the  oil  and  gas  migrating 
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towards  the  surface,  great  distances,  through  these  practically 
impervious  strata,  is  out  of  the  question. 

Another  inorganic  theory  is  known  as  the  Cosmic  theory, 
which  is  based  on  the  finding  of  small  amounts  of  hydrocarbons 
in  meteorites,  but  as  this  theory  has  no  other  foundation  it  may 
be  dismissed  without  further  discussion. 

Some  hydrocarbons  have  also  been  found  in  connection  with 
volcanic  emanations,  and  a  theory  based  on  these  findings  places 
the  source  of  the  hydrocarbons  at  great  depth,  and  the  present 
accumulations  are  claimed  to  be  subsequent  infiltrations  and 
impregnations  from  such  depths.  The  followers  of  this  theory- 
point  to  the  fact  that  gas  pressure  increases  with  depth,  which  is 
believed  to  be  due  to  the  fact  that  the  source  is  very  deep. 

Organic  Theory.  Although  it  may  be  admitted  that  certain 
amounts  of  hydrocarbons  may  have  been  formed  according  to 
the  inorganic  theory,  the  commercial  deposits  point  to  entirely 
different  probabilities,  with  which  most  oil  and  gas  geologists 
are  in  accord.  There  are  several  variations  of  the  organic  theory, 
but  in  each  case  organic  matter  is  claimed  to  be  the  origin  of  oil 
and  gas.  Certain  classes  claim  vegetable  matter  to  be  the  source 
of  petroleum  and  gas,  while  others  attempt  to  show  that  animal 
matter  is  the  most  probable  source,  and  there  are  also  many 
who  point  to  the  possibility  of  both  animal  and  vegetable  matter 
being  the  organic  materials  from  which  the  hydrocarbons  have 
been  formed.  Petroleum  and  natural  gas  compounds  may 
easily  be  derived  by  the  destructive  distillation  of  organic  matter. 

Decay  of  vegetation  at  ordinary  temperature  gives  rise  to 
light,  carbureted  hydrogen  if  air  is  excluded,  and  the  action  of 
bacteria  causing  organic  decay  is  also  admitted. 

Geological  conditions  show  that  the  factors  at  hand  are: 
water,  pressure  and  time,  which  combined  with  the  organic 
remains  in  the  rocks  are  sufficient  to  permit  the  formation  of  oil 
and  gas.  Commercial  accumulations  that  are  found  are'  in  all 
cases  in  accord  with  this  theory. 

One  of  the  most  important  facts  bearing  on  the  organic  theory 
has  been  brought  forth  by  the  examination  of  oils  under  the 
petrographic  microscope.    It  has  been  observed  that  oils  when 
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studied  between  Nicol  prisms  will  rotate  a  ray  of  polarized 
light,  and  it  is  claimed  that  only  oils  derived  from  organic  matter 
can  possess  this  property.  No  doubt  studies  along  these  lines 
are  of  great  importance  to  settle  finally  the  origin  of  oil  and  gas 
so  that  it  may  be  accepted  without  further  question. 

The  common  conception  among  oil  and  gas  geologists,  with  few 
exceptions  is,  that  oil  and  gas  are  of  organic  origin,  produced 
under  relatively  low  temperature,  high  pressure  and  with  the 
possible  assistance  of  bacteria. 


CHAPTER  m 
GENERAL  GEOLOGY 

In  order  that  a  better  understanding  of  the  geology  of  oil 
and  gas  may  be  had,  it  is  necessary  that  one  should  become 
familiar  with  the  fundamental  principles  of  rocks  and  their 
formation.  It  is  known  that  the  earth  is  a  large  sphere  of  about 
8000  miles  in  diameter,  having  a  comparatively  thin  rocky 
crust,  or  Hthosphere,  with  which  the  geologist  is  mainly  con- 
cerned, as  it  is  the  only  accessible  portion  of  the  earth  for  a  gen- 
eral study.  Oil  and  gas,  as  well  as  our  precious  metals  and  min- 
erals, are  found  in  the  Hthosphere. 

The  rocks  of  the  hthosphere  are  divided,  according  to  their 
mode  of  origin,  into  three  great  classes  known  as  the  igneous, 
metamorphic  and  sedimentary  rocks. 

Igneous  Rocks.  Igneous  rocks  have  been  formed  by  the 
cooling  and  solidifying  of  hot  molten  masses,  becoming  crystal- 
line or  glassy  and  compact.  Originally  they  were  at  very  high 
temperature,  so  no  Uving  animals  or  plants  were  in  them  at  the 
time  of  their  formation,  and  are,  therefore,  unfossiliferous,  and 
as  they  are  found  in  almost  any  form  and  shape  imaginable,  are 
spoken  of  as  unstratified  rocks.  Rocks  of  this  class  have  a  very 
low  percentage  of  porosity,  and  are,  therefore,  unsuitable  for  oil  and 
gas  accumulations.  Granite,  diorite  and  basalt  are  typical  rocks 
of  this  class. 

Metamorphic  Rocks.  Rocks,  whether  igneous  or  sedi- 
mentary, that  have  undergone  some  sort  of  a  change  or  recon- 
struction, either  physically  or  chemically,  are  known  as  meta- 
morphic rocks.  Metamorphism  may  be  due  to  various  causes, 
such  as  the  rearrangements  of  the  molecules  caused  by  pressure 
or  by  the  contact  of  igneous  and  sedimentary  rocks.  Hydration 
and  dehydration  may  bring  about  certain  changes;   oxidation 

10 


SEDrNIEXTATION  11 

or  reduction  as  well  as  percolating  waters  and  gases  also  cause 
metamorphism.  These  rocks  are  quite  compact  and  crystalline, 
thus  unsuitable  for  oil  and  gas  reservoirs.  It  is  possible,  however, 
that  dissolving  agents,  such  as  percolating  waters  and  gases, 
acting  upon  metamorphic  rocks,  may  make  them  more  porous; 
and  such  may  accumulate  oil  and  gas  if  in  contact  with  sedi- 
mentary rocks;  however,  rocks  of  this  class  are  not  important  in 
this  connection  and  may  be  dismissed  as  a  factor  for  oil  or  gas 


Limestone 


Fig.  4. — Order  in  which  Sediments  are  Deposited  away  from  the  Seashore  towards 

Deeper  Water. 

accumulations.     Gneiss  and  schist  are  examples  of  metamorphic 
rocks. 

Sedimentary  Rocks.  Rocks  which  have  been  formed  from 
the  eroded  particles  of  existing  rocks  and  deposited  in  layers, 
generally  by  water,  sometimes  by  winds  or  glaciers,  are  known 
as  sedimentary  rocks.  (Fig.  4.)  They  are  dep>osited  in  nearly 
horizontal  layers  and  contain  the  remains  of  plants  and  animals, 
known  as  fossils,  which  may  be  microscopic  in  size  or  larger. 
Sedimentary  rocks  are  porous  to  a  greater  extent  than  are  igneous 
and  metamorphic  rocks,  hence  suitable  for  oil  and  gas  reservoirs. 

SiDIMENTATIOIf 

It  is  well  known  that  the  original  surface  of  the  earth  has  under- 
gone a  great  change.  The  gases  of  the  atmosphere,  such  as 
nitrogen,  oxygen,  carbon  dioxide  and  water  vapor  are  very 
strong  agents  of  erosion;  the  rocks  being  exposed  to  atmospheric 
influences  are  constantly  denuded  by  the  dissoUing  effect  of 
percolating  waters,  the  carving  strength  of  strong  winds  and  the 
splitting  force  of  frost,  and  are  worn  away,  and  the  eroded 
particles  are  carried  by  winds,  waters  and  glaciers  and  dei>osited 
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at  various  places.    The  result  of  erosion  upon  the  earth's  surface 
is  the  foniK^tion  of  hills  and  valleys. 

The  gieneral  level  of  the  land  is  constantly  changing  (dias- 
trophism);  portions  formerly  under  sea  level  being  elevated 
and  vice  versa.  Submergence  of  the  strata  permits  the  encroach- 
ment of  the  sea,  and  the  deposition  of  the  eroded  rock  particles 
that  are  carried  in  suspension  by  the  water  (Fig.  5),  forming 
nearly  horizontal  sediments,  strata  upon  strata.  Alternate 
rising  and  sinking  of  the  land  level  allows  for  further  erosion 
and  deposition,  so  that  former  hills  and  valleys  may  be  obliterated 
and  new  ones  formed.    This  process  might  be  continuous,  or 


1,  older  rocks;  2,  basal  conglomerate;  3,  coarse  sandstone;  4,  sandstone;  5,  shale;  6,  lime- 
stone. 

Fig.  5. — Result  of  Sea  Transgression,  Showing  the  Order  in  which  the  Sediments 

are  Laid  Down. 


again  be  interrupted  for  a  great  length  of  time,  causing  a  hiatus 
or  unconformity  between  the  sediments.  (Fig.  6.)  Deposition 
is  a  slow  process,  but  during  the  great  geological  ages  the  amount 
of  sedimentary  rocks  that  have  been  formed  this  way  are  enor- 
mous. 

Certain  geologists  have  represented  the  world  as  having  a 
heaving  crust — parts  rising  and  sinking.  Others  represent  the 
earth  as  a  shrinking  globe,  but  whatever  the  cause,  the  results 
upon  the  rocks  are  the  same.  The  various  thrusts  and  forces 
deform  the  almost  horizontal  sediments,  tilting  and  folding  them 
in  every  conceivable  way.  Changes  of  this  kind  in  the  rocks  are 
accompanied  by  dislocations  or  faults.     (Fig.  7.)     Supposing 
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Fio.  6.— Horizontal  Unconformity  (above);  Angular  Unconformity  (below). 


Fig.  7. —  Fault 
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that  after  folding  another  rising  and  lowering  of  the  land  level 
takes  place,  further  erosion  and  deposition  may  become  possible 
upon  the  already  deformed  sediments,  causing  more  and  more 
complicated  folding  and  unconformities,  or  perhaps  obliterate 
previous  folds.  It  is  the  folds  and  sometimes  the  faults  as  well, 
that  have  a  great  bearing  upon  commercial  oil  and  gas  accumula- 
tions, and  hence  the  necessity  of  a  careful  study  of  folds  and 
faults  in  the  sedimentary  rocks  for  a  possible  due  in  locating  oil 
and  gas. 

CHmatic  changes  no  doubt  follow  an  extensive  disturbance 
of  the  land  level  and  such  changes  cause  variation  in  the  animal 
and  plant  Ufe. 

The  Sedimentary  Rocks 

The  most  common  sedimentary  rocks  are:  shales,  sandstones, 
conglomerates,  limestones,  coals  and  glacial  deposits.    (Fig.  8.) 

Shale.  Shale  is  formed  by  the  consoUdation  of  fine  mud, 
deposited  some  distance  from  shore,  and  upon  compacting  forms 
a  close-grained  rock  having  an  uneven  and  slaty  structure.  It 
is  a  fragile,  argillaceous  rock,  of  various  colors  such  as  gray, 
brown,  red  and  black.  As  a  shale  is  composed  of  closely  packed 
fine  particles  its  porosity  is  very  small  and  therefore  impervious 
to  the  movement  of  water,  oil  and  gas  to  a  great  extent.  Due 
to  great  pressure  shales  become  more  and  more  compact  and 
less  hydrous,  thus  forming  slates. 

Sandstone.  A  consolidation  of  sand  grains  due  to  the 
recementation  of  eroded  particles,  form  sandstones.  They  are 
deposited  in  shallow  water  along  the  shore  line,  and  the  particles 
are  cemented  together  by  insoluble  substances  such  as  silicates, 
iron  hydroxides  and  calcium  carbonate.  Sandstones  are  con- 
sidered as  porous  rocks,  the  porosity  varying  with  the  shape 
of  the  grains,  the  kind  and  amount  of  cementing  material  holding 
them  together,  and  the  compacting  of  the  sediments.  Different 
figures  have  been  given  for  the  porosity  of  sandstones,  which  vary 
from  s  per  cent  up.  Due  to  this  porosity  sandstones  are  very 
suitable  rocks  for  oil  and  gas  reservoirs,  their  porous  portions 
permitting  accumulations  in  commercial  quantities.    (Fig.  9.) 


ROCK  CONVENTIONS 


15 


Coal 


~      Shale 


CUy 


SUte 


Sbaly  Sandstone 


Sandy  Shale 


Sandstone  Fine  Grained 


•     Coarae  Sandstone  (grit) 


ConKlomerate 


■  I  I  I  !  I 


I     I     I     I 
I     I     I     I 


Limestone 


-     Sbaly  Limestone 


I    ■  ■   ■  I 


n 


3ZJZJ 

•  •  -I 


Sandy  Llmettone 


Metamorphic  Bocks 


V  V  V        V     N/    . 

/      "v        V      V     v 

V         V  V  V         V 


XmeoasRodn 


Fig,  8. — Conventions  Representing  the  Various  RockiL 


16 


GENERAL  GEOLOGY 


Conglomerate.  As  the  name  implies,  a  conglomerate  is  a 
combination  of  rather  large  sand  grains  or  pebbles,  cemented 
together.    It  may  also  form  a  reservoir  for  oil  and  gas. 

Limestone.  Limestones  consist  of  calcium  carbonate  (CaCoa) 
with  impurities.  The  calcium  carbonate  may  be  from  various 
sources,  quite  an  amount  of  it  is  obtained  from  marine  animals. 
Limestones  are  generally  deeper  water  deposits,  and  therefore 
carry  animal  and  plant  remains  or  fossils;  the  study  of  which 
enables  us  to  recognize  and  correlate  formations  from  different 
parts  of  the  globe.  A  calcium  carbonate  rock  is  too  compact  to 
be  considered  as  oil  and  gas  reservoir  rock;  however,  the  dolomitic 
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form  of  limestone  composed  of  calcium  magnesium  carbonate 
(CaMgCoa)  is  porous  enough  if  the  magnesium  contents  are  at 
least  25  per  cent.  A  fossiliferous  limestone  is  not  porous  enough 
for  oil  and  gas  accumulations,  and  a  pure  calcium  carbonate  lime- 
stone can  only  be  considered  as  a  possible  reservoir  rock  if  it  is 
sufficiently  water  channeled,  or  if  it  is  fissured. 

Coal.  Depositions  of  carbonaceous  matter,  such  as  coal 
and  lignite,  are  formed  from  vegetable  matter  and  are  quite 
commonly  found  in  a  number  of  the  oil  fields.  They  make 
excellent  key-horizons  for  the  driller  and  geologist.  In  a  few 
places  in  West  Virginia  and  Ohio  they  have  been  known  to  con- 
tain oil  and  gas  in  considerable  quantities. 
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Glacial  Deposits.  In  countries  within  the  limits  of  former 
glaciation,  great  deposits  of  sands  and  gravels, as  well  as  boulders, 
may  be  found  that  have  been  accumulated  from  glaciers.  The 
glaciers  may  have  obliterated  former  hills  or  formed  valleys  and 
at  the  time  of  their  melting,  the  sands  and  gravels  carried  by 
them  filled  up  the  valleys  and  covered  the  existing  outcropping 
rocks,  thus  making  the  finding  of  such  outcrops  difficult;  there- 
fore glacial  deposits  are  rather  a  hindrance  to  the  prospector. 
They  do  not  contain  oil  and  gas,  but  have  in  few  instances 
(Lodi,  O.)  served  as  barriers  to  movements  of  oil  and  gas,  pre- 
venting their  escape  at  the  outcrop  of  the  oil  containing 
rock. 

Regarding  shales,  sandstones  and  limestones,  it  is  rather 
difficult  sometimes  to  draw  a  distinct  line  between  them,  as 
they  may  readily  grade  into  one  another,  forming  shaly  sand- 
stones, sandy  shales,  calcareous  shales,  or  shaly  limestones; 
calcareous  sandstones  and  sandy  limestones.  Such  are  known 
as  transitory  rocks. 

To  the  uninitiated  these  great  deposits  appear  to  be  nothing 
but  a  heap  of  rocks  without  any  semblance  of  order,  yet  from 
this  seeming  chaos  not  only  have  the  rocks  been  systematized 
but  have  been  arranged  in  order  of  their  ages  or  succession  of 
deposition.  This  was  made  possible  by  the  study  of  the  fossils 
found  in  the  rocks. 

GEOLOGICAL  FORMATIONS 

The  geological  column  has  been  divided  into  four  great  sec- 
tions known  as  eras  or  groups  and  beginning  with  the  oldest 
are  known  as  the  Eozoic,  Paleozoic,  Mesozoic  and  Cenozoic 
Eras.  Each  era  is  divided  into  several  ages  called  periods  or 
systems,  which  are  in  turn  further  subdivided  into  epochs  or 
series.     (Table  I.) 
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Eozoic  Era 

The  oldest  rocks  are  classified  in  the  Eozoic  Era,  which  has 
two  separate  and  distinct  periods,  known  as  the  Archean  and 
Algonkian. 

Archean.  The  Archean  rocks,  or  the  basal  complex,  are 
highly  folded  and  metamorphosed,  containing  secondary  struc- 
tures, being  time  and  again  intruded  by  still  older  plutonic  rocks. 

Algonkian.  Algonkian  rocks  are  also  extensively  folded, 
metamorphosed  and  intruded  to  a  large  extent,  the  difference 
between  the  Algonkian  and  Archean  rocks  is  largely  due  to  the 
possibility  of  arranging  the  Algonkian  rocks  with  respect  to 
well-known  stratigraphic  methods.  The  presence  of  sedimentary 
deposits  are  known  in  the  Algonkian.  No  distinct  animal  or 
plant  remains  are  found  in  the  Archean  and  but  rather  few 
fossils  have  been  found  in  the  Algonkian,  but  not  enough  to 
warrant  any  attempt  to  subdivide  the  Era  on  the  basis  of 
remains  that  might  indicate  the  presence  of  "life"  in  the  system. 
A  great  unconformity  exists  between  the  two  systems,  strongly 
marked  by  basal  conglomerates.  The  Era  as  a  whole  forms  the 
foundation  upon  which  all  other  rocks  rest  and  no  doubt  from 
which  they  were  derived. 

The  general  nature  of  the  Eozoic  proves  it  to  be  unsuitable 
for  oil  and  gas,  mainly  on  account  of  the  highly  metamorphosed 
condition  of  the  rocks.  The  Era  is  often  referred  to  as  the  Pre- 
Cambrian. 

Paleozoic  Era 

The  oldest  fossil-bearing  sedimentary  rocks  are  in  the  Paleo- 
zoic Era,  or  the  Era  of  Ancient  Life.  The  subdivisions  of  this 
group  from  the  oldest  upward  are:  the  Cambrian,  Ordovician, 
Silurian,  Devonian  and  Carboniferous.  In  the  beginning  of  this 
Era  life  was  of  the  lower  order  and  sea-weeds  predominated; 
towards  the  close,  however,  we  have  a  rather  high  order  in  the 
amphibians,  or  land  and  water  animals.  A  high  order  of  vegeta- 
tion prevailed  at  the  close  of  the  Paleozoic.  Most  of  the  rocks  are 
of  marine  origin,  although  fresh-water  and  swamp  dep>osits  are 
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also  known.  In  general,  the  rocks  appear  to  have  been  deposited 
mostly  in  shallow  water.  The  beginning  and  end  of  the  Era  is 
well  marked  by  unconformities  caused  by  great  disturbances  of 
the  Earth's  crust. 

Cambrian.  The  first  appearance  of  trilobites  was  in  the 
Cambrian,  and  due  to  the  fact  that  three  different  members 
are  characteristic  of  the  system,  the  zones  in  which  they  are 
found  have  been  correspondingly  named,  viz.:  Olenellus  or 
Georgian  Group  (Lower  Cambrian),  Paradoxides  or  Acadian 
(Middle  Cambrian),  and  Dikellocephalus  or  Potsdam  Group, 
(Upper  Cambrian).  There  are  also  in  the  Lower  Cambrian 
indistinct  remains  of  sea-weeds,  a  few  sponges,  graptolites  and 
corals  and  some  very  small  pteropods  (foot-winged  mollusks, 
or  brachiopKxls).  Articulates,  tracks  and  ripple  marks  are 
found  in  the  Potsdam,  which  are  indications  of  shallow  water 
deposition. 

The  Cambrian  so  far  has  not  been  a  producing  horizon  for 
oil  and  gas  and  it  does  not  seem  likely  that  it  will  ever  prove  to 
be  of  any  importance.  However,  as  only  a  small  portion  of  the 
Cambrian  is  accessible  for  prospecting,  as  most  formations  of 
this  period  lie  at  great  depths  and  the  present  methods  of  drilling 
are  inadequate  to  reach  these  horizons,  the  Cambrian  cannot 
be  said  to  have  been  properly  tested. 

Ordovician.  The  whole  of  this  system  may  be  placed  in  a 
period  before  any  vertebrate  life  came  on  earth,  and  the  system 
is  characterized  by  the  large  number  of  shells  and  corals  that  were 
developed  during  this  time.  Bryozoa,  not  found  in  the  Cambrian, 
are  abundant  in  this  period.  The  Trilobites  of  this  period  have 
a  much  larger  tail  shield  and  can  roll  themselves  up;  and  have 
rounder  and  better  develof)ed  faceted  eyes.  Early  Ordovician 
rocks  show  evidence  of  being  formed  in  shallow  water,  with 
upheavals  towards  the  close.  A  subsequent  formation  of  lime- 
stones, and  the  thickening  of  the  formations  to  the  east  would 
indicate  that  the  upheaval  was  followed  by  subsidence.  The 
Ordovician  is  noted  for  the  culmination  of  the  graptolites  and 
they  are  the  most  characteristic  fossils  of  this  system. 

The  Ordovician  has  not  been  a  great  producer  of  oil  and  gas, 
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the  Trenton  Limestone  fields  of  Ohio-Indiana  are  the  only 
extensive  pools  known  in  it.  A  small  amount  of  gas  with  a  little 
oil  has  been  found  in  the  St.  Peter  sandstone,  below  the  Trenton. 
The  Trenton  production  is  found  where  the  hmestone  takes  a 
dolomitic  form. 

Silurian.  The  Silurian  period  commenced  with  a  submer- 
gence, when  large  limestone  beds  were  formed,  with  thickening 
of  the  strata  towards  the  east.  The  subsequent  formation  of  the 
Salina  beds  would  indicate  another  upheaval,  during  which  the 
salt  beds  were  formed  in  shallow  water.  A  few  fish  appear  in 
the  Silurian,  although  corals  still  predominate.  Crinoids  make 
their  first  appearance.  The  chain  coral  Halysites  is  characteristic 
of  the  period.  On  the  whole,  we  have  a  great  marine  period 
until  towards  the  close,  when  marine  conditions  have  been 
gradually  replaced  by  continental  conditions,  shales  passing  into 
sandstones. 

The  oil  and  gas  of  the  Silurian  seems  to  be  restricted  to  the 
Medina  formation;  the  "Clinton"  sand  fields  of  Ohio  and 
Ontario  are  of  this  age,  and  are  believed  to  be  part  of  the  Medina 
sandstone  rather  than  a  continuation  of  the  Clinton  limestone. 
The  gas  so  far  seems  to  have  exceeded  the  amount  of  oil  that  has 
been  produced,  although  valuable  discoveries  of  more  oil  are 
being  constantly  made.  On  the  whole  the  Silurian  has  not  been 
an  extensive  oil-  or  gas-producing  age. 

Devonian.  The  rocks  of  this  period  show  that  there  was  a 
considerable  raising  and  lowering  of  the  surface  so  that  at  one 
time  the  land  was  above  water  and  at  another  time  below.  It 
was  a  great  volcanic  period  and  during  it  the  earth's  crust  was 
disturbed  by  one  of  the  greatest  epochs  of  mountain  formation. 
The  seas  were  full  of  invertebrate  forms  similar  to  the  Silurian's, 
although  the  Cystoids  were  almost  extinct.  Trilobites  were 
fewer  and  had  a  characteristic  ornamentation  of  the  margin 
of  the  head  as  well  as  extraordinary  development  of  spines  which 
many  display  on  the  head  and  tail  shield.  Corals  and  brachiopods 
were  in  large  numbers  and  new  form  of  cephalopods  appeared. 
Vertebrates,  such  as  fishes,  were  well  developed,  and  hence  the 
Devonian  is  sometimes  called  the  Age  of  Fishes. 


CARBONIFEROUS  25 

The  Devonian  is  one  of  the  greatest  gas-producing  periods, 
and  the  upper  half  of  it  has  considerable  oil  production  in  the 
Appalachian  fields. 

Carboniferous.  The  last  period  of  the  Paleozoic  is  divided 
into  three  subdivisions,  which  make  up  the  entire  Carboniferous; 
they  are  the  Mississippian,  Pennsylvanian  and  Permian. 

The  Mississippian  system  as  a  whole  shows  signs  that  the 
vegetation  of  the  Carboniferous  has  been  on  a  high  plane.  The 
presence  of  coal  beds  are  first  noted  and  they  had  been  formed 
from  the  immense  vegetation.  Amphibians  or  lung  and  gill 
animals,  that  could  live  in  water  or  on  land  make  their  first 
appearance,  and  they  gave  rise  to  reptiles  towards  the  close  of 
the  period.  Shales  and  sandstones  form  a  great  part  of  the 
Mississippian,  but  at  the  close  of  the  epoch  the  formation  of  an 
extensive  limestone  is  noted,  generally  referred  to  as  the  sub- 
carboniferous  limestone,  although  difi^erent  parts  of  it,  as  they 
make  their  app)earance  in  various  places  in  the  country,  are 
grouped  and  known  under  diflferent  names.  During  this  period 
trilobites  are  still  found,  but  become  entirely  extinct  at  the  end 
of  the  Paleozoic.  Phillipsia  is  a  rare  but  characteristic  trilobite 
of  this  age.  A  wide  spread  upheaval  is  noted  at  the  close  of  the 
Mississippian.  Cystoids  disappear  entirely  in  the  Carboniferous, 
while  Blastoids  are  abundant  and  characteristic  of  the  Carbon- 
iferous limestones;  Crinoids  culminate  their  development  while 
the  Bryozoa  Archimedes  is  characteristic  of  the  Lower  Carbo- 
niferous. 

The  gas  production  of  the  Mississippian  is  almost  equal  to  the 
production  in  the  Devonian,  and  the  oil  production  has  doubled 
that  of  the  Devonian. 

The  Pennsylvanian  is  known  as  the  Coal  Age,  as  the  best  coal 
deposits  are  known  to  have  been  formed  during  this  period.  A 
generalized  section  of  the  Pennsylvanian  shows  that  it  is  composed 
mainly  of  alternate  layers  of  shales,  sandstones,  limestones  and 
coal  deposits.  A  great  amount  of  oil  and  gas  has  been  produced 
from  rocks  of  this  period,  and  the  combined  volume  of  the 
Mississippian  and  Pennsylvanian  is  exceeded  only  by  the 
Tertiary  deposits  of  foreign  countries. 
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The  Permian  is  not  well  developed  in  this  country,  and  it 
really  marks  the  transitory  period  between  the  Paleozoic  and 
Mesozoic  times.  The  division  point  between  these  two  great 
ages  is  marked  by  great  continental  changes.  The  Appalachian 
upUft  of  the  Eastern  part  of  the  country  and  the  upheaval  of  the 
Utah  Basin  region  as  well  as  the  submergence  of  the  Nevada 
Basin  were  the  characteristics  of  the  Permian. 

In  this  country  the  Permian  has  been  found  nearly  barren  of 
oil  and  gas,  although  a  small  amount  has  been  found  in  the  lower 
part  of  it.  Most  of  the  Permian  is  composed  of  depositions 
formed  under  semi-arid  conditions  (continental  deposits), 
and  as  such  are  generally  wanting  in  organic  remains,  they  are 
not  favorable  for  oil  and  gas. 

Mesozoic  Era 

The  Mesozoic  Era  may  be  described  briefly  as  the  Age  of 
Reptiles.  Two  subdivisions  are  made,  namely  the  Jura-Trias 
and  the  Cretaceous.  This  Era  is  noteworthy  for  the  extensive 
eruptions  at  the  close  of  the  period. 

Jura-Trias.  A  striking  contrast  is  had  between  the  beginning 
of  the  Jura-Trias  and  the  close  of  the  Paleozoic;  the  latter  with 
its  numerous  upheavals  seems  to  have  settled  down  to  a  long 
period  of  gentle  geographical  change  in  the  Jurassic.  The 
Triassic  has  yielded  the  first  known  mammals,  although  they 
were  not  very  flourishing  in  the  Mesozoic.  Archeopkryx,  the 
first  known  bird,  made  its  appearance  in  the  Jura-Trias.  The 
close  of  the  Jura-Trias  was  marked  by  numerous  upheavals. 

The  oil  and  gas  possibiUties  of  this  epoch,  as  well  as  the  lower 
half  of  the  next  one  (Cretaceous),  are  similar  to  the  Permian, 
and  so  far  as  the  United  States  are  concerned,  very  httle  may  be 
expected  of  them. 

Cretaceous.  The  formation  of  many  chalk  deposits  gave  the 
name  to  this  period;  in  it  some  of  the  largest  reptiles  have  been 
found  and  many  well-preserved  specimens  have  been  obtained. 
The  deposits  of  the  Cretaceous  are  somewhat  limited  in  the 
eastern  part  of  the  country,  but  are  well  developed  in  the  west; 
in  it  we  find  many  fresh-water  limestones  and  lignite  deposits. 
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The  upper  part  of  the  Cretaceous  has  produced  gas  and  oil,  the 
main  producing  areas  being  Caddo,  La.,  Colorado,  Wyoming, 
Dakota  and  the  Calgary,  Alberta  fields. 

Cenozoic  Era 

The  most  recent  subdivision  of  the  geological  column  is 
known  as  the  Cenozoic  Era,  and  deals  with  "Recent  Life,"  or 
the  age  of  Mammals  and  Man.  The  Cenozoic  is  divided  into 
two  great  periods,  the  Tertiary  and  Quaternary.  They  are 
further  subdivided  into  Eocene,  Miocene  and  Pliocene  for  the 
Tertiary,  and  Pleistocene  (Glacial)  and  Holocene  periods  for 
the  Quaternary. 

A  large  amount  of  oil  in  the  United  States  is  obtained  from 
the  Tertiary  and  the  total  production  is  exceeded  slightly  only  by 
the  combined  production  of  the  Mississippian  and  Pennsylva- 
nian.  With  the  exception  of  the  Mexican  Cretaceous  oil,  all  the 
foreign  production  is  from  the  Tertiary.  Tertiary  oils  are  found 
mainly  in  unconsolidated  sands,  which  yield  enormous  quantities 
of  oil  owing  to  the  unconsolidated  nature  of  the  sand  grains, 
which  therefore  have  a  large  percentage  of  effective  porosity. 


CHAPTER  IV 

ACCUMULATIONS   OF   OIL  AND   GAS 

That  a  commercial  accumulation  of  oil  and  gas  may  be 
possible  several  requirements  must  be  fulfilled.  We  must  have 
a  porous  rock  such  as  a  sandstone,  either  the  consolidated  or 
unconsolidated  type,  or  a  suitable  form  of  limestone  to  act  as  a 
reservoir.    These  rocks  by  virtue  of  their  porosity  may  contain 


Fig.  io. — Types  of  Oil  and  Gas  Reservoirs. 

il  .inclined  bed  of  sandstone  (a)  sealed  in  by  shales  (6),  but  somewhere  in  communication 
with  water  under  hydrostatic  pressure.  B,  sandstone  bed  (a)  interstratified  with  im- 
pervious beds  (6)  and  forming  an  arch  or  anticline,  somewhere  in  communication  with 
water  under  hydrostatic  pressure.    (U.  S.  G.  S.  Bulletin  429.) 

and  accumulate  oil  and  gas  provided  they  are  sealed  in  so  that 
their  contents  may  not  be  lost  by  migration  or  evaporation. 
Shales  play  a  very  important  part  in  this  connection,  as  they  act 
as  an  impervious  seal,  and  when  such  a  shale  body  entirely 
envelops  the  entire  porous  reservoir,  then  accumulations  may 
become  possible.  A  lenticular  sandbody  is  a  familiar  example 
of  this  type,  and  serves  as  the  reservoir,  while  the  shales  form 
a  seal.     (Figs.  loa  and  ii.) 

As  the  porosity  of  a  rock  is  variable,  so  that  portions  of  it 
may  be  very  porous  and  other  parts  less  so,  naturally  the  most 
porous  portion  will  be  the  most  suitable  for  oil  and  gas  accumu- 
lations, while  the  non-porous,  or  less  porous  portion  will  act  as  a 
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seal.  A  condition  of  this  kind  is  due  to  the  differential  cementa- 
tion of  the  sands,  and  the  oil  man  sjDeaks  of  the  non-porous 
sand  as  a  tight  sand,  while  the  ix)rous  one  is  called  an  open 
sand. 

Accumulations  that  are  controlled  by  the  porous  portion  of  a 
sand  body  are  similar  in  shape  to  accumulations  found  in  lenticu- 
lar sands,  and  are  also  known  as  lenticular  pools,  but  in  such  a 
case  the  lenticular  form  refers  to  the  shape  of  the  "Pay"  portions 
of  the  formation  as  the  entire  sand  body  itself  may  not  be 
lenticular.  From  this  we  may  infer  that  if  the  central  part  of  a 
formation  has  an  effective  porosity  sufficient  for  commercial 
accumulations,  the  surrounding  less  fK)rous  part  may  act  as  a  seal. 

The  term  "sand"  is  employed  by  the  practical  oil  man  to 


Fig.  1 1.— Sketch  Illustxating  Disappearance  of  Saodstooe  Beds. 

a,  lenticular  sandstone  which  disappears  by  thinning  oat;  b.  sandstone  which  grades  into 
shale.  (U.  S.  G.  S.  Bulletin  439.)  The  "  Clinton  "  sand  production  of  Ohio  u  iound  in 
snch  lenticular  reservoirs. 

indicate  the  producing  horizon  regardless  of  its  actual  texture; 
thus  it  may  be  a  sandstone,  limestone  or  shale,  but  if  producing 
oil  or  gas  it  is  called  a  sand.  In  this  connection  sand  will  be  used 
to  indicate  a  sandstone  formation  only. 

Quite  often  the  rocks  in  which  the  accumulations  are  expected, 
come  to  the  surface  (crop  out);  the  examination  of  such  out- 
crops will  generally  show  signs  of  petroleum,  but  as  the  out- 
cropping permits  the  escape  of  the  oil  from  the  rock,  such  a 
rock  will  therefore  be  less  important  at  the  point  of  outcrop  than 
it  will  be  some  distance  under  cover.  The  escaping  oil,  however, 
may  form  a  seal  upon  evaporation  at  the  outcrop,  and  permit 
accumulations  a  short  distance  away.  There  are  many  instances 
where  oil  pools  are  found  close  to  the  outcrop  of  the  sand,  but 
such  pools  are  generally  short  lived.   However,  this  disadvantage 
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is  overcome  by  the  fact  that  the  pools  are  shallow  and  may  be 
operated  at  a  comparatively  small  expense. 

Considering  the  case  of  a  reservoir  that  is  uniformly  porous 
and  where  oil  and  gas  may  migrate  great  distances,  the  presence 
of  a  fault  or  intrusive  may  act  as  a  seal.  A  fault  may  bring  a 
comparatively  non-porous  rock  into  juxtaposition  with  the  sand 
or  the  faulting  action  may  form  a  gouge  which  acts  as  a  cement 
and  fill  up  the  affected  portion  of  the  sand  body.    Often  a  fault 


Fig.  1 2. — Showing  Gas  and  Oil  Accumulations  made  Possible  by  Faulting,  where 
the  faulting  action  brings  an  imper\'ious  strata  in  juxtaposition  with  an  oil 
sand,  forming  a  barrier  to  further  migration,  the  gas  and  oil  accumulating 
below  the  fault  plane,  and  above  the  water  in  the  sand. 

or  an  extrusive  permits  the  escape  of  oil  and  gas  from  the  sand 
to  the  surface.     (Fig.  12  ) 

Accumulations  of  a  large  amount  of  oil  and  gas  have  been 
made  possible  by  the  presence  of  a  suitable  geological  structure; 
in  other  words,  where  the  strata  have  been  folded,  and  the  sand 
is  filled  with  gas,  oil  and  water,  the  folding  permits  the  separation 
of  the  gas,  oil  and  water  according  to  their  specific  gravities,  and 
if  the  sand  is  porous  throughout,  the  accumulations  of  gas  will 
be.  found  at  the  highest  pwint  of  the  structure,  the  oil  above  the 
water  level,  the  water  in  the  lower  parts.  In  the  absence  of 
water,  the  oil  may  be  expected  in  the  lower  portion  of  the 
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structure.  These  folds  or  geological  structures  may  be  various 
kinds,  such  as  anticlines,  homoclines,  synclines  or  some  variation 
of  them.  As  these  structures  are  often  evident  from  the  surface 
they  are  of  great  importance  in  locating  promising  oil  and  gas 
territories.     (Figs.  io6  and  13.) 

The  porosity  of  the  rocks  is  one  of  the  main  controlling  factors. 
The  larger  the  pore  space  the  greater  the  possibility  of  the 
movement  that  may  take  place  in  it.    The  porosity  of  a  rock 


Fig.  13.— Simple  Types  of  Structure. 

A,  sedimentary  beds  with  gentle  dip;  B,  the  same  beds  gently  folded;  C.  the  same  bed* 
more  intensely  folded;  a,  anticline;  *,  syndine.     (U.  S.  G.  S.  Bulletin  661-P.) 

specimen  is  determined  by  the  amount  of  water  it  will  absorb 
as  shown  by  the  weight  of  the  rock  before  and  after  saturation. 
The  figure  so  obtained  will  represent  the  theoretical  porosity  of 
the  specimen,  which  may  vary  from  5  to  40  per  cent.  The 
most  porous  sands  are  those  that  are  made  up  of  grains  of  uni- 
form size,  thus  a  sandstone  whose  grains  are  of  different  sizes, 
the  smaller  grains  may  fill  the  spaces  between  the  larger  ones, 
naturally  reducing  the  size  of  the  pore, space.  The  question  of 
porosity  is  discussed  by  R.  H.  Johnson*  as  follows:    "Pores  are 

•  Transactions  of  the  American  Institute  of  Mining  Engineers,  Vol.  U,  p.  648. 
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of  two  kinds:  Those  which  are  entirely  inclosed,  so  that  they 
do  not  belong  to  a  system  of  communicating  pores  tapped  by 
the  bore  hole  or  shot  hole;  second,  those  which  do  so  com- 
municate. Porosity,  of  course,  includes  both.  But  since  pores 
of  the  first  class  are  valueless  to  us,  we  should  confine  our  atten- 
tion to  the  latter,  for  which  I  propose  the  term  'efifective  poros- 
ity.' "  Various  calculations  have  shown  that  the  maximum 
effective  porosity  of  an  oil  sand  of  the  consolidated  type  is  6 
per  cent  of  the  whole,  and  in  many  fields  it  is  much  less.  Only  a 
portion  of  the  actual  amount  of  oil  in  a  sand  is  obtained  with 
the  present  producing  methods.  All  the  oil  is  not  recovered 
because  the  movement  of  oil  from  the  pores  of  the  sand  into  the 
bore  hole  is  caused  by  the  pressure  of  the  gas  with  the  oil,  and 
when  this  pressure  has  declined  the  flow  of  oil  is  stopped  and  the 
wells  production  becomes  so  small  as  to  be  no  further  profitable. 
So  it  will  be  seen  that  although  a  well  may  be  abandoned  as  no 
longer  a  commercial  venture,  still  there  may  be  a  great  amount 
.  of  oil  in  the  sand  that  has  not  been  recovered.  The  question  of 
porosity  is  becoming  more  and  more  important  as  the  known 
fields  are  depleted,  and  further  recovery  of  oil  is  made  possible 
by  flooding  the  sand  or  by  artificial  restoration  of  the  lost  "rock 
pressure,"  in  order  that  recovery  may  be  increased. 

Porosity  is  of  great  importance  in  calculating  the  volume  of 
oil  in  the  sand,  as  by  means  of  it  a  valuable  approximation  may 
be  made  as  to  the  value  of  a  field  or  property.  Even  in  cases 
where  decline  curves  are  used  in  such  valuation,  the  porosity 
should  also  be  considered  and  the  two  methods  used  together. 

Oil  and  gas  might  have  been  formed  in  the  sand  where  they 
are  found  or  again  might  have  originated  in  the  nearby  strata 
and  have  migrated  into  the  sand  body.  The  common  conception 
is  that  the  oil  has  migrated  into  the  sand  body,  however,  a  few 
are  of  the  opinion  that  it  has  originated  in  the  sand.  That  move- 
ments of  oil  and  gas  are  possible  are  due  to  several  factors.  The 
weight  of  the  overlying  sediments  will  cause  compacting  and 
force  the  contents  of  a  stratum  out,  through  the  road  of  least 
resistance,  into  the  sandstones  as  they  offer  better  chances  for 
accumulations.    The  constantly  increasing  pressure  of  the  over- 
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lying  rocks  due  to  further  sedimentation  may  be  one  of  the 
factors  of  motion  (Fig.  14)  as  well  as  many  others,  such  as  the 
increasing  temperature  at  greater  depths,  the  formation  and 
pressure  of  newly  formed  gases  (d>'namo  chemical  gases),*  the 
effect  of  capillary  attraction  in  the  pores,  hydrostatic  pressure, 
the  specific  gravity  of  oil  and  water,  and  earth  movements 
(diastrophism).  One  or  a  combination  of  these  factors  may 
cause  migration.  As  to  compacting,  sandstones  and  limestones 
offer  greater  resistance  than  shales,  therefore  they  are  not  so 
easily  and  firmly  compacted,  allowing  for  greater  pore  space. 

The  pressure  of  gases  may  be  said  to  depend  on  various 
factors,  and  some  of  those  that  will  cause  migration  may  also 


Fig.  14. — Diagnumnatic  Section  Showing  the  Flow  of  Connate  Water  and  Gas 
Due  to  Compacting  of  the  Sediments. 

(After  King.  V.  S.  G.  S..'i9th  Ann.  Rpt..  Pt.  2.  p.  So.) 

produce  or  increase  pressure.  Thus,  the  formation  of  new 
gases  will  exert  a  certain  amount  of  additional  pressure,  as  well 
as  the  closing  up  of  the  pore-space  due  to  compacting,  or  the 
addition  of  more  cement,  which  will  reduce  the  size  of  the  spaces, 
compelling  the  same  volume  of  gas  to  occupy  less  space.  The 
weight  of  the  overlying  strata  exert  pressure  ai\d  hydrostatic 
pressure  no  doubt  plays  an  important  part  in  this  connection. 

Many,  if  not  all  these  factors  are  required  to  explain  pressure, 
and  as  most  of  these  are  not  obtainable,  to  calculate  possible 
pressure,  only  such  methods  are  used  that  have  been  obtained 
from  the  study  of  actual  conditions  in  the  field,  based  mainly 
on  the  figures  obtained  from  pressure  readings,  and  those  figures 
form  the  basis  of  the  formula  that  are  in  use.    Only  an  approxi- 

*  Johnson  and  Huntley,  "  Principles  of  Oil  and  Gas  Production,"  pp.  46  and  52. 
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mate  calculation  is  possible,  and  as  it  has  been  found  that  pressure 
and  depth  seem  to  have  some  relation  to  each  other,  this  has 
been  used  for  calculating  pressure.  The  possible  pressure  may 
be  approximated  by  multiplying  the  calculated  depth  of  the 
sand  from  the  average  altitude  by  the  weight  of  a  colunm  of 
water  one  square  inch  at  the  base,  one  foot  in  height,  plus  the 
addition  of  a  constant.  This  constant  can  be  determined  only 
after  a  field  has  been  partially  developed,  or  the  constant  of  a 
near-by  pool  may  be  used.  The  weight  of  a  column  of  pure 
water  as  above  mentioned  is  .43  p)ound,  and  that  of  salt  water 
more,  in  some  fields  a  weight  of  .57  has  been  found.  A  formula 
of  Dr.  Edward  Orton,  worked  out  for  the  Trenton  fields  of  Ohio, 
uses  .48  for  the  weight  of  this  column  of  water,  and  his  constant 
is  .41  thus  his  formula  may  be  expressed  as  follows: 

Pressure  =  0.48  X  depth  from  average  altitude  +41. 

Methods  like  the  above  will  give  results  that  will  be  suflS- 
cient  for  most  purposes,  but  they  only  apply  to  the  original 
pressure  in  the  reservoir;  after  the  pool  is  drawn  upon  the 
pressure  becomes  less. 


CHAPTER  V 

STRUCTURE 

The  various  deformations  of  the  strata  that  are  considereji  as 
favorable  mediums  for  the  acomiulation  of  oil  and  gas  are  known 
as  structures  by  the  oil  man  and  geologist.  The  various  structures 
that  have  more  or  less  bearing  on  the  accumulation  and  location 
of  wells  are  the  anticlines,  synclines,  noses,  terraces,  embay- 
ments  and  homoclines.   These  are  the  most  familiar  ones  encoun- 


FiG.  15. — Outcix^  of  Inclined  Strata,  Showing  Direction  of  Dip  and  Strike. 

tered  in  producing  fields;  however,  faults,  intrusions,  extrusions 
and  unconformities  may  also  bring  about  or  affect  production 
in  various  ways. 

The  study  of  these  attitudes  or  structures  belong  to  strati- 
graphic  and  structural  geology,  and  are  based  on  the  determina- 
tion of  the  various  dips. 

Dip  and  Strike.  Rocks  that  have  been  tilted  in  various  ways 
are  said  to  be  dipping,  the  dip  being  the  degree  of  inclination 
that  a  rock  makes  with  the  horizontal.  The  course  of  a  stratum  in 
a  horizontal  plane  is  known  as  the  strike,  and  it  will  be  at  right 
angles  with  the  dip.    (Fig.  15.)    The  deviation  from  the  hori- 
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zontal  may  be  from  a  fraction  of  a  degree  to  the  vertical.  Moun- 
tains are  generally  formed  by  large  dips;  the  smaller  undulating 
dips  may  or  may  not  find  expression  in  the  surface. 

Large  dips  are  determined  with  a  clinometer  placed  along 
the  line  of  the  dip,  which  is  the  direction  in  which  water  would 
flow  down  along  the  exp)Osed  surface  of  a  true  dip;  the  reading 
is  taken  in  degrees  and  the  direction  noted  by  magnetic  bearings. 
Such  readings  are  represented  on  a  map  by  the  use  of  an  arrow 
or  dip  sign.  The  arrow  points  in  the  direction  of  the  dip, 
and  the  angle  of  dip  written  along  the  line  of  the  arrow.  The 
direction  of  the  strike  is  shown  by  the  line  drawn  perpendicular 
at  the  end  of  the  arrow.  In  regions  of  small  dips  or  few  exix)sures 
it  is  necessary  to  find  the  elevation  of  the  outcrops  of  a  key- 
horizon  above  a  datum  plane;  this  may  be  done  with  an  aneroid 
barometer,  engineer's  spirit  level,  transit  stadia  or  plane  table. 
The  elevations  so  obtained  enable  the  preparation  of  a  structure 
contour  or  isobath  map,  which  will  be  a  graphical  representation 
of  the  dips  and  strikes.  Regional  dip  may  be  figured  if  the  eleva- 
tion of  a  stratum  is  determined  at  three  points.  The  points 
should  be  preferably  the  points  of  a  triangle,  and  not  in  the 
same  straight  line. 

The  dip  of  the  strata  may  remain  the  same  for  great  distances 
or  may  change  from  place  to  place,  forming  various  folds.  A 
dip  in  one  general  direction  is  known  as  a  homocline.  When  two 
homoclines  dip  AWAY  from  a  common  Une  or  axis,  they  form 
an  anticline.  In  other  words,  an  anticline  is  an  upward  fold  of 
the  strata  forming  an  arch  (convex  side  up). 

Two  homoclines  dipping  TOWARDS  an  aixis  form  a  syncline 
or  trough  (convex  side  down). 

Anticlines  may  be  various  kinds,  such  as  a  dome,  level  top 
or  level  axis  and  plunging  anticlines. 

Dome.  When  the  strata  dip  away  in  all  directions  from  a 
central  point  they  form  a  dome. 

Level  Top  or  Level  Axis  Anticline.  If  the  axis,  or  the  line 
from  which  the  strata  dip  away,  is  level  for  a  distance,  it  is 
known  as  a  level  top  or  level  axis  anticline. 

Plunging   Anticline.    When   the  anticlinal  axis   itself  dips 
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in  a  certain  direction,  the  anticline  is  known  as  a  plunging 
one. 

Anticlinal  Nose.  A  smaller  and  generally  a  plunging  anti- 
cline along  the  flank  of  a  main  anticline  (or  along  a  homocline), 
is  called  an  anticlinal  nose. 

Terrace.  A  sudden  flattening  of  the  dip  for  a  short  distance, 
forming  a  step  like  structure  is  a  terrace. 

Syncline.  As  previously  explained  a  syncline  is  the  opposite 
or  complement  of  an  anticline;  similarly  the  complements  of  a 
dome  is  a  basin;  of  a  level  top  anticline  it  is  a  level  axis  syncline; 


Fig.  i6. 

A,  symmetrical  anticline;  B,  asymmetrical  anticline;  X-Y^  X'-Y',  axial  plane.  In 
asymmetrical  anticlines,  the  angle  formed  by  the  horizontal  and  the  axial  plane  is  the 
dip,  and  the  angle  formed  by  the  vertical  and  the  axial  plane  is  the  hade. 

and  thus  we  have  the  plunging  syncline,  as  well  as  the  embay- 
ment  which  bears  the  same  relation  to  a  sj-ncline  that  a  nose 
does  to  an  anticline. 

Asymmetry.  Anticlines  and  synclines  are  said  to  be  asym- 
metrical (un-symmetrical)  when  the  dip  on  one  side  of  the  axis 
is  greater  than  the  dip  on  the  other  side.     (Fig.  i6.) 

Faults.  The  different  stresses  at  work  affect  seriously  not 
only  the  shape  of  the  strata,  but  sometimes  exert  such  pressure 
or  force  upon  them  as  will  cause  a  fracture  or  break,  accom- 
panied by  displacement  of  one  side  of  the  strata  with  respect  to 
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the  other,  along  a  line,  or  a  shear  zone,  thus  forming  a  slip  or 
fault.  Faults  may  be  due  to  either  lateral  pressure  (crushing 
force)  or  may  be  produced  by  tension  (pulling  apart).  The 
resulting  faults  may  have  different  characteristics;  the  former 
causing  thrust  and  reverse  faults,  the  latter  normal  faults. 
The  side  which  has  been  pushed  up  over  the  other  is  the  hanging- 
wall,  or  as  most  commonly  called,  the  up- throw,  the  under  side 
being  the  foot  wall  or  down-throw.  The  distance  of  such  throws 
may  be  anywhere  from  a  few  inches  to  several  hundred  feet. 


Fig.  17. — Intrusive,  Forming  a  Laccolite. 

The  heave  of  a  fault  is  the  horizontal  distance  of  displacement; 
the  hade  is  the  angle  of  the  fault  line  or  shear  zone  with  respect 
to  a  vertical  plane. 

Intnisives.  Igneous  rocks  forced  up  into  sedimentary  rocks 
are  known  as  intrusives.  They  may,  when  cooUng,  cause  a 
dragging  of  the  broken  edges  of  the  sedimentary  beds,  forming 
a  sort  of  an  anticlinal  structure,  in  which  oil  or  gas  may  accumu- 
late.*    (Fig.  17.) 

*  V.  R.  Garfias  and  H.  J.  Hawley,  Funnel  and  Anticlinal-ring  Structure  Asso- 
ciated with  Igneous  Intrusions  in  the  Mexican 'Oil  Fields.  Bulletin  128,  Americaa 
Institute  of  Mining  Engineers. 


CHAPTER  VI 
THE  EFFECT  OF  STRUCTURE  UPON  ACCUMULATIONS 

The  value  of  a  structure  for  commercial  accimiulations 
depends  upon  the  effective  porosity  and  the  extent  of  a  sand  body, 
in  which  gravitational  separation  may  take  place.  It  is  a  well- 
known  fact  that  gas,  oil  and  water  if  placed  in  a  closed  vessel, 
will  arrange  themselves  in  order  of  their  specific  gravities;  thus 
w^ater  will  occupy  the  lowest  parts  of  the  vessel,  the  oil  above 
it  and  the  gas  occupy  the  upper  portion.  This  same  gravita- 
tional separation  will  take  place  in  a  porous  sand  body.  If  the 
pores  are  intercommunicating  and  the  reservoir  is  continuous 
to  any  extent,  large  accumulations  become  p)ossible  under 
favorable  structure,  the  controlling  effect  and  imf>ortance  of 
which  will  be  evident. 

Dome.  It  will  be  apparent  that  the  gases  will  occupy  the 
highest  portion  of  domes,  vnih  oil  under  them,  resting  upon  the 
water  that  will  be  accumulated  in  the  lower  portion  of  the 
structure  (or  in  the  syncline).  The  degree  of  saturation  of  a 
dome  depends  upon  the  amount  of  water  in  the  syncline  and  the 
extent  of  the  oil  above  it.  If  the  amount  of  gas  and  oil  are 
greater  than  could  find  lodgment  in  the  dome  they  will  flow  or 
"spill"  into  adjoining  structures,  finding  their  way  into  them 
along  the  spilling  lines.  (Fig.  i8.)  The  spilling  point  of  a 
dome  is  immediately  below  the  lowest  closed  contour  line.  The 
general  nature  of  a  dome  stamps  it  as  a  very  desirable  structure 
for  prospecting,  especially  suitable  for  gas  accumulations,  and 
for  oil  as  well  in  the  absence  of  a  large  amount  of  gas. 

Level  Axis  Anticline.  A  level  axis  anticline  b  the  next 
favorable  structure  to  a  dome;  they  are  more  frequently  found 
than  are  the  domes,  and  have  proven  to  be  of  great  value  in 
acciunulation  of  oil  and  gas  in  different  parts  of  the  country. 
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Fig.  1 8. — Spilling  Flow  Lines. 

Heavy  lines  «re  {Mtha  in  a  sheet  sand  that  gas  would  take  if  unobstructed  and  if  there  was 
enough  gas  to  fill  the  domes.  Several  arbitrary  starting  points  were  chosen.  (Drawn  on  map 
from  U.  S.  G.  S.  Bull.  4S6.)     Uohnson  and  Huntley.) 
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The  spilling  point  for  a  structure  of  this  kind  will  be  at  the  point 
where  the  major  or  minor  axis  crosses  the  lowest  closed  contour 
line. 

Plunging  Anticline.  The  value  of  an  anticline  is  greatly 
diminished  if  its  axis  is  a  plunging  one,  as  the  plunge  might 
bring  the  most  favorable  portions  of  the  structure  to  a  point 
where  the  reservoir  rock  has  been  exposed  and  eroded.  The  size 
of  the  plunge  may  have  varying  effect;  the  structure  may  be 
of  value  if  the  height  of  the  water  level  in  the  sand  is  known; 
but,  in  general,  it  is  of  no  greater  value  than  are  plane  dipping 
homoclines. 

Nose.  Noses  are  most  commonly  found  along  the  axes  of 
plunging  anticlines,  and  as  such  are  important  in  increasing  the 
value  of  such  a  plunging  anticline.  They  also  occur  along 
homoclines,  where  they  are  equally  important. 

Embayment  These  may  become  important  in  connection 
with  the  spilling  line,  in  the  absence  of  water  at  the  height  (or 
above)  this  structure. 

Homocline.  Homoclines,  in  general,  are  in  great  disfavor 
among  prospectors,  as  accumulations  along  such  structures  are 
due  mainly  to  the  lensing  or  differential  cementation  of  the  sand. 
As  these  conditions  cannot  be  known  from  the  surface  a  homo- 
cline offers  less  chance  for  prediction;  and  it  is  risky  to  Condemn 
a  property  merely  for  the  lack  of  better  structure,  but  of  course, 
on  the  other  hand,  they  are  not  as  favorable  prospects  as  are 
the  more  suitable  structures.  Homoclinal  production,  if  exam- 
ined, will  show  that  it  is  in  accord  with  the  structural  theory,  in 
so  far  as  the  gas,  oil  and  water  is  concerned,  for  that  particular 
sand.  In  the  "Clinton"  sand  homoclinal  accumulations  of  Ohio 
it  will  be  noticed  that  the  gas  and  oil  will  be  found  in  their 
relative  jwsition  along  the  dip  of  the  rocks,  and  the  main  course  of 
production  follows  very  closely  the  strike  of  the  rocks.  A  knowl- 
edge of  the  lateral  variation  of  the  strata  is  very  imf>ortant  in 
homoclinal  fields. 

Terrace.  In  places  where  complete  saturation  exists  a  terrace 
may  be  considered  as  worth  while  for  prospecting  for  oil.  Small 
terraces  in  surface  structure  cannot  be  depended  upon  as  well  as 
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larger  and  well  defined  ones.  A  consistent  and  well-marked 
lateral  variation  of  the  strata  may  easily  obliterate  surface 
structural  evidences  and  especially  in  case  of  terrace  structure 
it  may  not  show  in  the  sub-surface  structure  at  all. 

Fault.  The  presence  of  faults  should  be  carefully  studied 
as  they  may  seriously  effect  accumulations.  The  faulting  action 
may  form  a  gouge  which  may  serve  as  a  seal,  permitting  accumu- 
lations in  the  stratum  lying  on  the  down-dip  side,  or  again,  the 
throw  may  bring  an  impervious  stratum  in  juxtaposition  with 
the  oil  bearing  one,  and  permit  accumulations  in  it.  (Fig.  12.) 
Faults  may  permit  the  migration  of  oil  and  gas  to  a  higher  sand, 
and  again  may  permit  their  escape  and  loss  at  the  surface ;  thus, 
seepage  along  a  fault  may  indicate  that  the  reservoir  has  been 
broken  into  and  its  contents  lost.  Large  faults  are  in  most 
cases  dangerous. 

Intrusives  and  Extnisives.  The  effect  of  intrusives  and 
extrusives  may  be  similar  to  the  action  of  faults;  there  is  also 
a  possibility  of  accumulation  in  the  anticlinal  ring  formed  during 
the  shrinkage  of  the  foreign  material.  They  are  to  be  carefully 
guarded  against,  as  in  most  cases  their  presence  is  unfavorable. 

Unconformities.  In  a  few  instances  .oil  and  gas  have  been 
found  in  connection  with  unconformities.  A  case  of  such  accumu- 
lation is  known  in  the  Potsdam  sandstone;  the  Potsdam  having 
been  eroded  into  hills  and  valleys  and  subsequent  deposition 
formed  impervious  cap-rock  under  which  the  gas  has  accumu- 
lated; especially  in  those  parts  which  the  erosion  left  as  hills. 
A  similar  case  is  known  to  exist  in  the  Berea  sand  in  Ohio,  where 
the  strata  have  been  eroded  by  glacial  action  and  parts  of  the 
Berea  being  eroded,  the  subsequent  deposition  of  glacial  drift 
has  obliterated  the  former  valleys  formed  by  the  glaciers,  and 
formed  a  barrier  permitting  accumulations  in  the  Berea,  where 
it  has  not  been  eroded.  Unconformities  may  be  so  located  that 
they  act  as  barriers  similarly  to  faults. 


CHAPTER  Vn 
SURVEYING   INSTRUMENTS  AND   METHODS 

The  maps  used  in  the  every-day  work  of  the  oil  man  are 
constructed  by  various  surveying  methods.  The  information 
desired  is  obtained  by  the  measurements  of  horizontal  and 
vertical  distances  and  angles.  These  may  be  obtained  by  one 
or  a  combination  of  several  methods.  The  measurements  of 
horizontal  distances  may  be  done  either  by  pacing,  graduated 
taf)e  or  chain  or  by  stadia  methods.  For  vertical  measurements 
we  have  the  aneroid  barometer,  engineer's  spirit  level  and 
stadia  methods. 

Two  of  the  above  mentioned  methods  may  be  easily  learned 
and  put  to  practical  use.  They  are  pacing,  for  the  measurement 
of  horizontal  distances  and  the  use  of  the  aneroid  barometer 
for  determining  vertical  distances  or  elevations. 

Pacing  Survey.  The  method  of  determining  horizontal 
distances  by  means  of  the  stride  or  pace  is  known  as  pacing. 
Distances  so  obtained  are  approximate,  but  quite  often  such 
results  are  of  great  value. 

To  determine  the  pace  the  following  procedure  is  recom- 
mended: measure  out  carefully  a  distance  of  several  hundred 
feet  on  level  ground,  then  starting  at  one  end  walk  along  this 
measured  line  towards  the  other  end,  using  natural  steps, 
and  counting  them.  From  the  figures  so  obtained  the  natural 
step  or  stride  may  be  calculated,  for  example: 

Distance  measured         =  500  ft.  =  6000  inches 

Number  of  steps  taken  =  200 

6000 -^  200  =  30,  or  thirty  inches  (2 J  feet),  per  stride. 

When  the  measurement  of  any  distance  is  required  it  simply 
necessitates  walking  oyer  the  distance,  coimting  the  number  of 
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steps  taken  and  multiplied  by  the  constant  for  each  step,  which 
will  give  the  desired  result. 

Attention  is  called  to  a  system  in  use  by  great  many  people, 
which  necessitates  the  "stepping  off"  a  certain  distance,  such  as 
three  feet  for  each  stride.  Any  attempt  to  regulate  the  step  to 
three  feet  will  bring  about  poor  results,  as  it  requires  unnatural 
walking.  Sometimes  it  is  also  desirable  that  when  a  distance 
is  paced  that  it  should  not  be  observed  by  anyone  present,  so  if 
natural  steps  are  taken  such  a  purpose  will  not  be  disclosed. 


Fig.  iq. — Aneroid  Barometer. 

By  using  natural  steps  one  may  cover  good  distances  with  less 
effort  and  without  the  tiresome  results  of  awkward  walking, 
and  obtain  better  results. 

Experiments  should  be  made  with  fast  walking,  pacing  over 
rough  and  hilly  ground  as  well  as  through  tall  grass.  It  will 
take  but  a  short  time  and  one  accustomed  to  pacing  will  obtain 
good  results. 

By  the  use  of  this  method  it  is  possible  to  determine  the 
location  of  wells  on  a  neighboring  farm;  one  needs  but  to  walk 
from  the  well  at  right  angles  to  the  nearest  property  line  and 
the  distance  obtained  will  be  correct  to  within  a  few  feet.    Pacing 
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may  be  used  for  many  practical  purposes  where  exact  figures  are 
not  needed. 

Aneroid  Barometer.  The  aneroid  barometer  is  a  handy  and 
very  useful  instrument  for  the  oil  man,  and  by  careful  handling, 
elevations  may  be  obtained  and  such  knowledge  used  for  prac- 
tical purposes.  (Fig.  19.)  By  use  of  it,  it  is  possible  to  determine 
the  elevation  between  wells,  and  calculate  the  amount  of  casing 
needed.  It  will  also  enable  the  calculation  of  the  dip  of  the  sand, 
and  may  be  used  to  determine  the  elevation  of  surface  outcrops. 
Unfortunately  many  speak  unfavorably  of  the  aneroid,  but  the 
instnunent  if  carefully  handled  may  be  used  with  sufficient 
accuracy  and  speed,  which  may  become  very  desirable  in  many 
instances. 

The  aneroid  barometer  is  an  instnmient  that  shows  the 
pressure  of  the  atmosphere,  and  a  good  sensitive  instrument 
will  show  the  variation  of  pressure  due  to  the  difference  in  height 
of  a  few  feet. 

The  weight  of  a  column  of  air  surrounding  the  earth  may  be 
likened  to  the  weight  of  a  number  of  books  piled  in  order,  and 
resting  on  one's  hand;  the  greater  the  number  of  books,  the 
higher  the  colunm  and  greater  the  pressure  on  the  hand.  Simi- 
larly with  air  pressure,  the  column  of  air  above  a  mountain  will 
be  less  than  the  column  of  air  over  the  adjoining  valley.  The 
aneroid  is  the  instrument  that  measures  this  colmnn  of  air, 
or  atmospheric  or  barometric  pressure.  Such  a  pressure  is  most 
commonly  measured  with  a  mercurial  barometer,  but  as  it  is 
not  so  easily  carried  around  due  to  its  size,  the  aneroid  barometer 
is  used  which  is  compact  and  less  fragile.  The  weight  of  the 
column  of  air  acts  upon  an  elastic  top  of  an  exhausted  (vacuimi) 
metallic  box,  and  the  pressure  is  magnified  by  means  of  a  lever  and 
shown  by  a  dial  or  hand  on  a  scale  graduated  to  show  elevations. 

It  must  be  remembered  that  the  atmospheric  pressure  is 
liable  to  certain  variations,  and  for  this  reason  the  dial  of  the 
aneroid  will  sometimes  move  when  the  instnunent  is  stationary, 
indicating  changes  in  atmospheric  pressure.  The  atmospheric 
changes  must  be  taken  into  consideration  and  corrected  when  the 
instrument  is  used  for  obtaining  elevations. 
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The  aneroid  should  be  carried  in  the  vest  pocket  at  all  times, 
to  keep  the  temperature  of  the  instrument  constant.  If  the 
instrument  is  too  large  for  the  vest  pocket  it  should  be  carried 
in  the  case  with  which  all  such  instruments  are  provided.  The 
work  generally  starts  at  a  certain  bench  mark  or  at  an  assumed 
one. 

Supposing  that  the  elevations  at  the  top  or  well  mouth  of 
three  wells  are  wanted,  the  procedure  is  as  follows:  Starting  at 
a  bench  mark  whose  elevation  is  assumed  to  be  locx)  feet  above 
sea-level,  the  barometer  may  either  be  adjusted  so  that  the 
indicator  will  point  to  looo  feet  or  left  as  it  is  and  the  difference 
noted.  It  is  best  not  to  change  the  indicating  hand,  as  the  act 
of  changing  the  position  of  the  needle  may  unsettle  the  instru- 
ment for  the  time  being. 

Standing  at  the  bench  mark  with  instrument  in  hand  and 
holding  same  face  up,  the  aneroid  is  tapped  gently  to  allow  the 
needle  to  be  loosened  to  avoid  "lagging";  care  must  be  taken 
not  to  press  the  bottom  of  the  instrument,  as  such  pressure  will 
be  indicated  by  the  needle.  The  needle  reads  1120  feet  at  the 
bench  mark  which  is  1000.  Record  this  reading  in  the  note 
book  as  well  as  the  time  of  the  observation,  which  is  assumed  to 
be  9:30  A.M.  From  the  bench  mark  go  to  the  first  well  and 
repeating  the  method  used  at  the  bench  mark,  reading  1260  feet 
at  9:40.  At  the  second  well  the  readings  are  1200  feet  at  9:50 
and  at  the  third  and  last  well  iioo  feet  at  10:00  a.m.  The 
next  step  is  to  go  back  to  the  original  bench  mark  (or  to  any 
other  bench  mark  that  may  be  nearer),  and  the  readings  taken 
again,  the  instrument  reads  1140  feet  at  10:30  at  the  bench 
mark.  It  will  be  noticed  that  the  readings  at  the  same  bench 
with  the  same  instrument  at  two  different  times  shows  a  diflfer- 
ence  of  20  feet;  which  is  due  to  the  change  in  the  atmospheric 
conditions  in  the  interval.  This  difference  is  to  be  corrected  for 
as  follows:  The  error  is  -}-20  feet  and  the  time  interval  one  hour 
(60  minutes).  The  time  interval  divided  by  the  error  60-7-20  =  3, 
which  is  the  number  of  minutes  for  each  foot  of  change,  i.e.,  for 
every  three  minutes  the  atmospheric  change  was  one  foot.  Ten 
minutes  after  leaving  the  B.M.  at  the  first  well  the  error  will 
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be  io-t-3  =  3|,  which  is  to  be  subtracted  from  the  reading  at 
that  point,  which  will  be  1260—3^  =  12565.  The  second 
well  reading  taken  at  9:50,  or  20  minutes  after  leaving  the  B.M.; 
the  reading  at  that  point  is  to  be  diminished  by  20-^3  =  6f ;  the 
corrected  reading  will  be  1200  —  65  =  11935  feet.  The  third 
reading  taken  thirty  minutes  after  leaving  the  B.M.,  the  correc- 
tion at  that  point  will  be  30-5-3  =  10,  hence  1100—10=1090. 
The  errors  are  to  be  subtracted  (as  in  the  above  case)  when  the 
check  reading  at  the  bench  mark  is  higher  than  the  first  reading. 
If  the  check  reading  should  be  lower  than  the  first  reading  the 
calculations  are  the  same,  but  the  error  is  to  be  added  in  each 
case. 

The  next  procedure  is  to  take  into  consideration  that  the 
instrument  was  not  set  to  read  the  exact  elevation.  The  B.M. 
was  1000  feet  and  the  instrument  read  11 20  feet.  The  instru- 
ment reading  being  greater  by  120  feet,  this  is  to  be  subtracted 
from  the  corrected  readings  at  each  well,  and  the  elevations  so 
obtained  will  be  the  required  elevation  of  each  well.     (Fig.  20.) 

It  must  always  be  remembered  that  atmospheric  changes 
will  bring  variations  in  the  aneroid's  movements,  and  therefore 
it  must  be  constantly  guarded  against  by  checking  at  every 
opportunity  at  some  bench  mark.  Every  instrument  has 
certain  peculiarities  with  which  the  user  must  become  acquainted. 
Some  instnmients  have  a  certain  amount  of  "lag,"  or  in  other 
words  they  do  not  catch  up  quickly  with  the  change  in  elevation. 
This  can  be  determined  by  several  trials  between  two  bench 
marks  near  each  other  and  at  different  altitudes.  A  word  of 
caution  regarding  the  tapping  of  the  instrument;  a  stiff  needle 
will  stand  a  great  amount  of  tapping,  but  a  sensitive  one  will 
respond  very  quickly,  but  unfortunately  each  tap  will  bring  about 
different  readings,  so  the  best  instrument  is  one  that  has  a  needle 
that  is  neither  too  sensitive  nor  too  stiff. 

Large  field  parties  note  the  change  in  atmospheric  pressure 
on  a  barograph  or  a  recording  barometer  which  is  left  in  the 
office,  the  changes  as  noted  by  it  being  used  in  figuring  the 
errors  due  to  such  changes,  or  as  a  check  on  recordings  as  figured 
in  the  field. 


48 


SURVEYING  INSTRUMENTS  AND  METHODS 


u 

I 

I 


s 
g 
^ 


^ 


pi!    S    u    <i)    S 

:   crj   C/2  CO  CO 


Cor.  I 

O.  I. 
0.  2. 

PO    4) 
.      > 

0      0 

ui  ^^  ^  ^^  -S 

N.; 

ills 
ills 

i      a 

^^^^s 

pa  <  <  <  « 

■   O     fO 

.    O     CO 

> 

1) 

!  -o    ^0 

0        . 

H 

;  M  o 

ON        . 

11    11 

OOO 

0 

d 

M       M       M 

N 

M        t1        M 

M 

(5 

ill 

1 

jS 

.   r*i«  i^rt 

3 

1 

(d 

M        M 

t1 

O 

^ 

V 

< 

6 

OOO 

0     CO 

H 

r?  ^  V? 

o>  o>  o^ 

b    b 

ta 

N  \5    o 

8  % 

M       C4       C4 

s 

Z      M* 

oi 

[OOO 
O.  I 
O.  2 

6   ci 

5 

.  52:  Z  S5    ►* 

(0 

S  =  =: 

—  5S 

'^      «      4) 

«  >«^ 

05  5?  Ef 

ps  ( 

2) 

\0       CO 
to      0> 


I  I  I 

v8   8   8 


cj 

rt 

.8 

a 

.a 
a 

8 

^ 

*J 

0 

0 

M 

■^ 

M 

^ 

:i 

d 

n 

n 

Q 

a  ^  t  a 

♦J      «-•      «J       3 
3      3      3c 

.a  I 

o.    5 


■< 

a 

■s 

4> 


HAND  LEVELS  49 

The  rest  of  the  surveying  methods  at  our  disposal  are  mainly 
the  well-known  surveying  methods,  which  require  a  knowledge 
of  surveying.  The  .following  paragraphs  will  not  take  up  these 
methods  in  detail,  but  are  intended  merely  as  a  grouping  and  a 
short  review  of  the  various  systems  in  use  by  the  oil  and  gas 
geologist. 

Hand  LeveL  The  hand  level,  also  called  the  Locke  Level, 
is  shown  in  Fig.  21.  The  bubble  of  the  small  level  tube  C 
can  be  seen  through  the  opening  D,  by  means  of  a  reflecting 
prism.  A  cross  hair  placed  in  the  main  tube  AB  serves  to  fix 
the  object  observed,  and  when  this  hair  bisects  the  reflection  of 
the  bubble,  the  line  of  sight  is  horizontal. 

The  height  of  the  observer's  eye,  when  he  is  standing  erect, 
must  be  known.  Thus  if  the  height  of  the  eye  above  the  ground 
is  five  feet,  the  object  observed  through  the  hand  level  when  it  is 


Fig.  21. — Locke  Hand  Level. 

held  horizontally,  will  be  five  feet  higher  than  the  point  on 
which  the  observer  is  standing. 

Clinometer.  If  a  hand  level  is  equipped  with  a  movable 
spirit  level  and  an  attached  vertical  circle  graduated  to  degrees, 
it  is  known  as  a  clinometer.  ^Tien  the  line  of  sight  is  given  any 
inclination  and  the  level  turned  to  a  horizontal  position  the 
angle  of  inclination  is  determined.  A  clinometer  may  also  be 
used  as  a  hand  level  if  the  bubble  is  set  parallel  (at  zero  degrees) 
to  the  main  tube.     (Fig.  22.) 

Hand  levels  and  clinometers  are  useful  instruments  in  follow- 
ing outcrops  from  place  to  place  in  a  country  of  low  dips  and  few 
exposures.  By  standing  at  an  outcrop  on  a  hillside,  the  cor- 
responding level  on  an  adjoining  hillside  may  be  determined  and 
another  outcrop  of  the  same  formation  looked  for.  Measuring 
vertical  distances  between  strata  may  be  done  with  a  hand  level 
rapidly.  The  angle  of  inclination  or  dip  of  a  stratum  may  be 
found  by  the  use  of  the  clinometer. 
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Engineer's  Spirit  Level.  Levels  most  commonly  used  in- 
engineering  work  consist  of  a  line  of  sight,  attached  to  a  bubble 
vial  on  a  vertical  axis  which  may  be  firmly  attached  to  a  standard 
or  tripod.  By  means  of  leveling  screws  the  bubble  is  brought  to 
the  center  of  the  vial,  making  the  line  of  sight  level.  The  instru- 
ment is  used  to  determine  the  difference  in  elevation  between 
two  or  more  points  accurately.  A  rod,  graduated  to  feet  and 
tenths  are  used  in  conjunction  with  the  level.  The  rod  is  held 
vertically  on  a  point  whose  elevation  is  known  (generally  a 
B.M.)  or  is  assumed,  the  level  set  up  and  the  intersection  of  the 
line  of  sight  on  the  rod  is  noted;  this  is  known  as  the  back-sight 
(B.S).    Adding  the  back-sight  to  the  elevation,  the  height  of 


Fig.  22. — Abney  Level  and  Clinometer. 


instrument  (H.L)  is  determined.  The  rod  is  then  placed  on  a 
point  whose  elevation  is  desired  and  the  intersection  of  the  line 
of  sight  on  the  rod  is  again  noted.  This  operation  is  the  fore- 
sight (F.S.).  The  elevation  of  this  unknown  point  is  calculated 
by  subtracting  the  fore-sight  from  the  height  of  instrument. 
Thus  we  have  for  determining  elevations  the  following  formulae: 

E-hB.S.  =  H.L 
H.L-F.S.  =  E 

If  the  distance  between  two  points  is  too  great  either  vertically 
or  horizontally  or  both,  to  admit  of  this  simple  process,  two  or 
more  settings  of  the  level  are  required  so  as  to  secure  a  connected 
series  of  rod  readings,  the  algebraic  sum  of  which  gives  the 
desired  difference  of  elevation  between  the  two  points.    (Fig.  23.) 
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Only  one  back-sight  is  taken  from  one  set  up  of  the  instru- 
ment, but  any  number  of  fore-sights  may  be  made;  care  must 
be  taken  in  using  any  of  these  fore-sights  for  a  turning  point  that 
the  proper  one  be  so  recorded  and  the  rest  considered  as  extra 
or  internal  sights  (I.S.). 

Adjustment  of  Wye  Level.  Line  of  collimation  adjustment  is 
as  follows:  By  means  of  tangent  screw  and  leveling  screw  bring 
the  intersection  of  the  cross  hairs  upon  a  well  defined  and  distant 
point.  Revolve  the  telescope  in  the  wyes  one-half  a  revolution. 
If  the  intersection  of  the  cross  hair  is  still  on  the  point  sighted  at, 
the  line  of  sight  coincides  with  the  axis  of  collimation;  if  not, 
the  adjustment  is  for  one-half  the  apparent  error  which  is  done 
by  moving  the  capstan-headed  adjusting  screws,  being  careful 
to  move  them  in  the  opposite  direction  to  which  it  would  appear 
they  should  be  moved.  The  apparent  error  shown  by  reversing 
the  telescope  is  double  the  real  error. 

The  second  adjustment  is  to  make  the  axis  of  the  level  tube 
bubble  parallel  to  the  axis  of  the  collars,  and,  consequently, 
parallel  to  the  line  of  collimation. 

Level  up  the  instrument  over  a  set  of  leveling  screws,  open 
up  the  wye  collars  and  revolve  the  telescope,  first  in  one  direction 
then  in  the  other.  If  the  instrument  is  in  adjustment  the  bubble 
should  stay  in  the  center  of  the  vial ;  if  moving  first  towards  one 
end  and  then  to  the  other,  the  error  is  to  be  corrected  by  bringing 
the  bubble  nearly  to  the  center  by  means  of  the  capstan-headed 
adjusting  screws  at  the  end  of  the  level  tube,  which  regulate  its 
lateral  movement,  and  repeat  the  operation  until  the  bubble  will 
remain  centered  during  the  partial  revolution  of  the  telescope. 

This  will  take  care  of  the  lateral  adjustment;  for  the  vertical 
adjustment  proceed  as  follows:  level  up  the  instrument,  and  take 
the  telescope  out  of  the  wyes  and  turn  it  end  for  end,  if  bubble 
remains  in  center,  adjustment  is  correct,  if  not,  bring  bubble 
half  way  back  by  the  adjusting  nuts  at  one  end  of  the  tube  and 
the  remaining  half  by  leveling  screws. 

The  third  adjustment,  or  wye  adjustment,  consists  in  leveling 
up  the  instrument,  removing  the  telescope  and  turning  it  end  for 
end  in  the  wyes;  if  bubble  is  out,  one-half  the  error  is  to  be 
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corrected  for  by  the  adjusting  nuts  on  one  end  of  the  wyes,  the 
other  half  by  leveling  screws.  Repeat  the  operation  over  the 
other  set  of  leveling  screws. 

Sometimes  an  adjustment  is  made  to  make  the  cross  hairs 
horizontal.  It  is  horizontal  if  both  ends  as  well  as  the  center  of 
the  horizontal  hair  will  cut  any  object  sighted  at,  when  the 
telescope  is  revolved  on  the  vertical  axis;  if  not,  the  reticule 
adjusting  screws  are  to  be  loosened  and  the  reticule  to  be  rotated 
until  the  hair  is  horizontal. 

THE  TRANSIT 

The  engineer's  transit  consists  of  an  alidade,  carrying  a  line 
of  sight,  attached  to  an  inner  vertical  circle  (upper  motion)  which 
may  be  turned  in  an  outer  circle  (lower  motion).  The  lower 
motfon  carries  a  horizontal  circle  which  is  graduated  to  degrees 
-  that  may  be  read  to  minutes  by  means  of  a  vernier.  The  alidade 
includes  the  telescope  and  a  magnetic  needle  with  its  graduated 
drcle;  it  may  be  revolved  while  the  graduated  limb  remains 
stationary.  The  instrument  is  supported  by  a  tripod  head  by 
means  of  which  it  may  be  attached  to  a  trip>od.  The  complete 
transit  should  have  a  vertical  circle  graduated  to  degrees  and 
vernier  to  minutes,  and  a  level  bubble  attached  to  the  telescope. 

The  transit  is  used  for  measuring  horizontal  and  vertical 
angles.    The  attached  bubble  enables  it  to  be  used  also  as  a  level. 

The  telescope  carries  besides  the  regular  cross  hairs,  equi- 
distant from  the  horizontal  one,  two  other  horizontal  cross  hairs, 
known  as  stadia  hairs.  The  object  of  the  stadia  cross  hairs  is 
the  measuring  of  distances  by  reading  an  intercept  on  a  graduated 
rod.  In  most  instruments  the  stadia  wires  are  so  adjusted  that 
an  interval  of  one  foot  on  the  rod  between  the>cross  hairs  will 
indicate  that  the  p)oint  where  the  rod  is  held  is  lOO  ftet  from  the 
objective  lens  of  the  instrument,  to  this  the  instrument  constant 
is  to  be  added. 

Horizontal  as  well  as  vertical  distances  may  be  determined  by 
means  of  stadia  wherever  a  great  degree  of  accuracy  is  not 
required.  The  transit  is  set  up  over  a  station  and  the  inter- 
cept on  the  rod  is  noted,  as  well  as  the  angle  shown  by  the  vertical 
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circle.  To  determine  the  horizontal  and  vertical  distances, 
trigonometric  formulae  are  used,  as  we  have  a  right-angled 
triangle  with  an  acute  angle  and  the  hypothenuse  given.  The 
calculations  may  be  made  by  means  of  tables,  diagrams,  specially 
constructed  stadia  slide-rules,  or  Beaman  Stadia  Arc.  As  dia- 
grams and  slide  rules  cannot  well  be  taken  into  the  field,  the 
use  of  the  Beaman  Stadia  Arc  or  tables  are  recommended.  (Fig. 
24.)     (Table  XIV.) 

If  the  readings  are,  for  vertical  circle  15°  20'  and  the  inter- 
cept on  the  rod  is  2.58  feet,  the  stadia  interval  of  the  instrument 
being  100  and  the  instnunent  constant  i.oo  the  method  of  cal- 
culation is  as  follows: 

Hor.  Dis.       Ver.  Dis. 

From  the  table  under  15°  20*  we  get       93.01         25.50 
Instrument  constant  i.oo  .96  .27 

the  horizontal  distance  equals: 

93.01  X  2.58-1- .96  =  240.93 
the  vertical  distance  equals: 

25.50X2.58-f  .27=  66.06 

This  method  of  figuring  is  all  that  is  necessary  if  the  middle 
hair  is  placed  upon  the  rod  at  a  height  equal  to  the  height  of  the 
instrument  above  the  ground.  If  this  is  not  the  case  a  cor- 
responding correction  must  be  made,  which  will  be  the  difference 
between  the  height  of  instrument  above  the  ground  and  the 
reading  of  the  middle  cross-hair,  and  this  difference  is  to  be 
added  if  the  reading  on  the  rod  is  less  than  the  height  of  the  instru- 
ment, and  subtracted  if  it  is  greater. 

Adjustment  of  the  Transit.  Set  up  the  transit,  level  up  plate 
bubbles  and  turn  the  instrument  180°.  If  the  bubbles  stay  in  the 
center  they  are  in  adjustment,  if  not,  correct  by  bringing  bubbles 
towards  the  center  one-half  the  distance,  with  adjusting  pins, 
the  other  half  by  leveling  screws. 

Line  of  collimaticn.  For  this  adjustment  select  a  point  on 
the  ground  to  which  the  telescope  is  to  be  directed,  clamp  motion 
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and  plunge  the  telescope  and  place  a  mark  on  a  well-defined 
object  where  the  vertical  cross-hair  cuts  a  horizontally  drawn 
line.  With  telescope  still  inverted,  loosen  motion  and  turn  back 
and  sight  first  point  with  telescope  still  inverted,  then  with 
motions  clamped,  plunge  telescope  again  and  make  another 
mark  on  the  same  horizontal  line  as  in  the  first  case.  If  adjust- 
ment is  O.  K.  the  cross-hair  will  bisect  the  first  point,  if  not, 
adjustment  is  to  be  made  for  one-quarter  of  the  error  by 
loosening  the  screws  on  the  side  of  the  telescope. 

Horizontal  axis.  After  instrument  is  set  up,  sight  the  instru- 
ment on  a  plumb  line  or  at  a  point  up  on  the  side  of  a  building, 
depress  telescope  and  set  a  point  where  the  vertical  line  cuts  a 
horizontally  marked  line  along  the  side  of  the  building.  Revers- 
ing the  instrument  in  azimuth  and  altitude,  sight  again  at  first 
high  point  and  depress  instrument  again,  making  another 
point  along  the  horizontally  drawn  Hne  on  the  side  of  the  building. 
If  both  marks  coincide  the  axis  is  in  adjustment,  if  not,  correct 
for  one-quarter  of  the  error  by  means  of  the  horizontal  reticule 
adjusting  screws,  moving  the  reticule  in  a  direction  that  would 
apparently  increase  the  error. 

Attached  level.  This  adjustment  is  the  same  as  the  one 
required  in  the  adjustment  of  the  level  for  the  wye  adjustment, 
but  as  the  telescope  and  level  in  a  transit  cannot  be  turned  end 
for  end  in  the  wyes,  it  is  adjusted  by  the  two-peg  method.  (This 
method  is  also  used  in  similar  adjustment  for  the  Dumpy  level.) 
The  procedure  is  as  follows:  set  up  the  instrument,  level  tele- 
scope, set  a  peg  300  feet  from  the  instrument  and  take  the  rod 
reading,  set  another  point  300  feet  from  the  instrument  in  the 
opposite  direction  and  take  the  rod  reading.  The  difference  of 
elevation  of. these  two  points  may  be  determined  from  these 
figures  even  with  the  instrument  out  of  adjustment,  as  the  back 
and  foresights  are  equal  in  length.  Move  instrument  and  set 
up  one  or  two  feet  from  one  of  these  pegs,  hold  rod  on  peg,  turn 
the  telescope  and  looking  into  the  object  etid,  the  reading  on  the 
rod  in  the  small  field  of  view  may  be  noted  by  bringing  the  point 
of  a  pencil  to  the  center.  The  target  is  set  at  this  point,  plus  or 
minus  the  difference  in  the  elevation  of  the  two  pegs,  then  set 
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rod  on  the  <iistant  peg  and  if  instrument  is  in  adjustment,  the 
horizontal  cross-hair  will  cut  the  target  exactly;  if  not,  adjust 
for  the  whole  error  by  means  of  the  reticule  adjusting  screws. 

THE  PLANE  TABLE 

A  plane  table  consists  of  an  alidade  canying  a  line  of  sight 
attached  by  a  support  to  a  ruler  with  a  fiducial  edge.     The 


aaiif/ov  »» .  J-  L.  t.  (jurUy.) 

Fig.  25a.— Guriey  Ejcplorer's  Alidade  with  Beaman  Stadia  Arc. 


(Courtesy  W.  Sr  L.  E.  GtuUi) 

Fto.  256. — Explorer's  Ptaoe  Tabic  OutBi. 
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alidade  is  free  to  move  on  a  drawing  board  mounted  on  a  tripKxl 
and  the  table  is  leveled  by  means  of  plate  levels.  The  alidade 
consists  of  a  telescope  provided  with  a  level  tube,  a  vertical 
circle  and  stadia  wires.     (Fig.  25.) 

To  facilitate  computations  of  horizontal   and  vertical  dis- 
tances an  attachment  known  as  the  Beaman  Stadia  Arc  has  been 


{AJUt  W.  b-  L.  E.  Gurley.) 

Fig.  2SC. — Enlarged  View  of  Graduations  of  Beaman  Stadia  Arc. 

patented,  and  which  may  be  attached  to  the  vertical  circle  of 
transits  as  well  as  plane  table  instruments  and  by  means  of 
which  stadia  tables  or  slide  rules  may  be  eliminated,  the  vertical 
angles  are  not  read  and  yet  the  results  are  obtained  much  quicker 
and  with  accuracy  equal  to  that  obtained  by  the  other  methods; 
and  its  simplicity  tends  to  eliminate  errors  that  might  otherwise 
occur.  The  Beaman  Stadia  Arc  patent  is  controlled  and  manu- 
factured  by  W.  &  L.  E.   Gurley,   (Troy,  N.  Y.)   and  their 
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description  of  the  method  of  computations  is  as  follows:    (Fig. 

25^0 

Diflference  in  Elevation  between  Instrument  and  Rod.  The 
outer  scale,  marked  "Vert.,"  indicates  multiples  of  the  rod 
interval,  for  determining  differences  in  elevation  between  instru- 
ment and  rod.  The  zero  point  of  this  scale  is  marked  50,  so  that 
a  direct  scale  reading  will  indicate  whether  the  telescope  is 
elevated  or  depressed. 

A  unique  feature  of  the  use  of  the  multiple  scale  is  that  only 

such  inclinations  of  the  telescope  are  used  as  will  give  a  whole 

number  scale  reading,  while  the  fractional  part  of  the  elevation 

is  quickly  and  accurately  determined  by  the  reading  of  the 

.  middle  wire  on  the  rod. 

To  obtain  the  desired  multiple,  therefore,  sight  anywhere 
on  the  rod,  it  does  not  matter  where,  so  that  a  whole  number 
reading  is  obtained  on  the  multiple  scale. 

Subtract  50  from  this  scale  reading  and  use  the  algebraic 
remainder;  e.g.,  if  the  Vert,  scale  reads  56,  the  multiple  is 
56  —  50  =  4-6.    If  the  scale  reads  47,  the  multiple  is  47  —  50  =  —  3. 

Example:  Suppose  the  observed  subtended  stadia  reading 
on  the  rod  to  be  6.40  (640  ft.),  and  to  obtain  a  whole  number  for 
the  scale  reading,  the  telescope  is  inclined  so  that  the  multiple 
scale  reads  33,  at  which  setting  the  middle  wire  reads  7.30  on  the 
rod. 

Then  the  desired  multiple  equals        33  —  50  =  — 17 
and  —17X6.40= —108.8 

Difference  in  elevation  between  instnunent  and  base  of  rod  13 
then, 

—  7.30— io8.8=  — 116.1  ft. 

The  negative  point  indicates  that  the  point  where  the  rod  was 
held  is  lower  than  the  instrument. 

To  Reduce  Observed  Distance  to  True  Horizontal  Distance. 
The  inner  scale,  marked  "Hor.,"  gives  at  the  same  f>ointing  a 
direct  reading  of  the  percentage  of  correction  (always  sub- 
tractive)  necessary  to  reduce  the  observed  stadia  reading  (in 
feet  subtended)  to  the  true  horizontal  distance. 
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Example:  At  the  above  setting  the  reduction  scale  would 
read  3,  or  3%. 

3%  of  640  ft.  =  19.2  ft. 

640—19.2  =  620.8  ft.,  the  true  horizontal  distance. 

To  facilitate  the  slight  computation  necessary  to  determine 
differences  in  elevation,  a  special  form  of  notes  as  devised  by  the 
United  States  Geological  Survey  for  use  with  this  attachment  is 
as  follows: 


stadia  Arc 
Reading. 

Distance. 

Product. 

Rod 
Correction. 

Diflference 
of  Eleva- 
tion. 

Elevation. 

Station. 

B.S. 

F.S. 

4.2 

6-3 
9.2 

15-8 

8.4 

5-6 

-  16.8 

—  12.6 

+  55-2 
+  110. 6 

+   8.2 

-  4-9 
+  4.3 
-13  8 
+  6.7 

-  9-8 

-  8.6 
-17-5 
+59-5 
+96.8 
+  6.7 

-  9-8 

654-7 
646.1 
628.6 
688.1 

784-9 
791.6 
781.8 

B.M. 

54 
44 

50 

48 
57 
50 

H.I. 
T.P. 
H.I. 
T.P. 
H.I. 
T.P. 

The  Beaman  Arc  reading  is  placed  under  the  appropriate 
heading,  B.S.  or  F.S.,  in  the  above  table.  All  sights  are  to  be 
regarded  as  foresights,  except  those  taken  to  determine  the  H.I. 
Thus,  after  B.S.  has  been  taken  to  determine  the  H.I.,  all 
intermediate  rod  stations,  whether  taken  before  the  rod  reaches 
the  instrument  or  after  the  rod  goes  ahead,  are  to  be  entered  as 
foresights. 

The  distance  is  recorded  as  4.2,  6.3,  etc.,  meaning  420  feet, 
630  feet,  etc. 

The  column  headed  "Product"  is  for  the  multiple  times  the 
distance,  for  example  4X4.2  =  16.8;  4  being  the  multiple  for  a 
stadia  arc  setting  of  54. 

The  column  headed  "Rod  Correction"  is  for  the  final  reading 
of  the  middle  wire  on  the  rod. 

The  signs  to  be  affixed  to  the  "Product"  and  to  the  "Rod 
Correction"  are  determined  according  toVhether  the  observation 
is  a  B.S.  or  a  F.S.,  by  following  a  rule  of  universal  application, 
namely: 
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Product. 


B.S. 
F.S. 


Opposite  sign  to  that  indicated  by  arc  reading. 
Same  sign  at  that  indicated  by  arc  reading 


Rod  Correction. 


+ 


A  stadia  arc  reading  of  54  indicates  +;  therefore*,  here  the 
sign  of  the  "Product"  is  —  for  a  B.S.,  and  +  for  a  F.S. 

Note  that  the  sign  of  the  "Rod  Correction"  is  the  same  as  in 
leveling. 

When  the  line  of  sight  is  level,  the  stadia  arc  reading  is  50, 
and  hence  the  multiple  is  o,  which  gives  a  "Product"  o.  The 
only  entry  is,  therefore,  the  "Rod  Correction,"  or  the  final  rod 
reading,  whose  sign  follows  the  above  rule. 

Take  the  "Product"  and  the  "Rod  Correction"  by  pairs, 
and  add  algebraically;  e.g.,  —16.8+8.2=  —8.6,  the  "Differ- 
ence of  Elevation."  This,  applied  algebraically  to  the  last 
known  elevation,  gives  the  elevation  desired. 

Upon  the  drawing  board,  or  plane  table,  a  sheet  of  drawing 
f>aper  is  firmly  attached,  on  which  the  observations  in  the  field 
are  to  be  recorded  at  the  time  they  are  made.  The  table  is  set 
up  in  its  proper  position  (oriented)  over  a  known  or  unknown 
f)oint.  By  keeping  the  ruler  on  the  point  representing  the 
occupied  station,  the  telescope  is  turned  upon  other  objects 
and  lines  are  drawn  towards  them.  This  yn\l  give  the  direction 
of  the  desired  point  from  the  table,  and  its  horizontal  distance 
or  the  difference  in  elevation  determined  by  stadia.  Horizontal 
distances  are  sometimes  measured  with  chain;  and  quite  often 
points  are  located  by  means  of  triangulation  from  two  known 
points.  As  it  is  almost  impossible  to  keep  the  table  perfectly 
level,  the  bubble  of  the  instrument  is  to  be  kept  level  and  the 
error  of  the  vernier  reading  determined  and  which  is  to  be 
accounted  for  in  each  vertical  reading. 

The  plane  table  is  the  instrument  used  to  a  great  extent  in 
geological  surveys.  By  means  of  it  topographic  and  geologic 
mapping  of  a  territory  may  be  made  simultaneously.  The 
principal  methods  used  are:  radiation,  traversing,  intersection 
and  resection. 


62 


SURVEYING  INSTRUMENTS  AND  METHODS 


Radiation.  In  this  method  a  convenient  point  on  the  paper 
is  set  over  a  selected  f>oint,  the  table  oriented  and  clamped, 
each  point  which  is  to  be  located  is  sighted  and  a  line  is  drawn 
along  the  fiducial  edge  towards  them  in  turn.  The  distance  and 
elevation  measured  by  stadia  (or  by  chaining  for  distance). 
(Fig.  26.) 

Traversing.  This  method  is  similar  to  traversing  as  done  with 
a  transit,  and  consists  in  moving  the  plane  table  from  one  point 


Fig.  26. — Method  of  Radiation  with  Plane  Table. 


to  another,  then  back  sighting  to  the  station  just  left,  so  the  table 
is  always  carefully  oriented.  This  is  one  of  the  simplest  methods 
in  use  and  is  most  generally  combined  with  the  method  of 
radiation.     (Fig.  27.) 

Intersection.  When  points  are  located  by  a  system  of 
triangulation  from  a  carefully  measured  base  line,  or  any  known 
Une,  the  points  are  located  by  intersection.  The  method 
employed  necessitates  the  orienting  of  the  plane  table  at  one  end 
of  a  known  line,  then  the  point  required  is  sighted  and  the 
direction  drawn  by  means  of  the  fiducial  edge;  the  table  is  then 
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moved  to  the  other  end  of  the  line,  the  table  oriented,  and  the 
point  previously  sighted  from  the  first  point  is  again  sighted  from 


Fig.  27, — Method  of  Traversing  with  Plane  Table. 

First  occupying  station  i4,  locating  points  a.  e,  and  b.  Next,  moving  to  station  B,  orienting 
by  back-sighting  at  A,  with  fiducial  edge  along  line  ba,  thirdly,  moving  to  C,  orienting 
by  b«ck-«ighting  to  B. 


PLANE  TABLE  AT  A 

PLANE  TABLE  ATT 

Fig.  28. — Method  of  Intersection. 
For  locating  point  P  with  the  plane  table  set  up  at  each  end  of  a  measured  b*«e  Use  AB. 

this  second  point,  the  line  drawn  again,  and  the  intersection 
of  the  two  lines  will  determine  the  location  of  the  point  sighted. 
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This  system  is  best  employed  in  finding  of  distant  and  not 
easily  accessible  points,  and  may  be  used  in  keeping  a  check  on 
the  progress  of  the  work,  with  previously  determined  stations. 
(Fig.  28.) 

Resection.  The  previous  method  necessitates  the  setting 
of  the  instrument  over  a  known  point,  but  in  the  course  of  work 
it  may  sometimes  be  more  convenient  to  set  over  a  point  that  has 
not  been  previously  located.  This  may  be  done  by  resection, 
which  consists  of  setting  up  the  plane  table  at  a  random  point 
and  orienting  it  with  respect  to  either  three  or  two  known  points, 
which  may  be  done  by  means  of  special  problems,  and  in  orient- 
ing with  respect  to  three  points  it  is  accomplished  by  the  three- 
point  problem,  and  in  case  of  two  points,  by  the  two-point 
problem. 

Three-point  Problem.  There  are  several  variations  of  this 
solution,  known  as  the  mechanical  solution,  the'  Coast  Survey 
solution,  Bessel's  solution  and  the  analytical  solution.  The 
problem  is  indeterminate  if  a  circle  can  be  passed  through  the 
three  points  and  the  selected  fourth  point. 

The  mechanical  solution  requires  the  setting  of  the  instru- 
ment at  an  unknown  point  P  (Fig.  29)  not  plotted  on  the  board, 
from  which  three  points,  A,  B,  and  C,  platted  at  a,  b,  and  c, 
respectively,  are  visible  but  whose  distances  from  our  selected 
point  cannot  be  measured  conveniently.  A  piece  of  tracing 
cloth  is  fastened  over  the  plane  table;  and  the  table  oriented 
approximately  with  the  eye;  and  a  point  p'  is  selected  on  the 
tracing  cloth  which  approximately  corresponds  to  the  true 
position  of  p.  Lines  p'c',  p'h'  and  p'a'  are  platted  as  if  />'  were 
the  correct  point  p.  We  have  two  angles  subtended  by  three 
points  plotted  graphically  on  a  tracing  cloth,  and  the  point 
sought  is  located  by  placing  the  tracing  cloth  over  the  plotted 
points  as  follows:  unfasten  the  cloth  and  move  it  to  the  position 
p"a",  p"b'\  and  p"c'\  in  which  each  Ime  /»V,  p'h'y  and  p'c'  pass 
respectively  through  the  points  a,  b,  and  c.  The  point  p"  is 
then  over  the  exact  position  of  />,  which  is  to  be  marked  on  the 
board.  The  plane  table  can  then  be  oriented  accurately  by 
means  of  any  one  of  the  lines  pa,  pb,  or  pc. 
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8/ 


PLANE  TABLE  AT  P 

Fig.  29. — ^Three-point  Problem,  Mechanical  Solution. 


Fto.  yx — ^Three-point  Problem,  Bessel's  Solution. 
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The  Bessel's  solution  (Fig.  30)  necessitates  the  use  of  the 
three  plotted  or  known  points  a,  b,  and  c,  and  the  random  point  P. 
Construct  an  angle  i  with  vertex  at  point  c  as  follows:  sight 
along  the  line  ca  at  the  point  A  on  the  ground,  clamp  the  vertical 
axis.  Center  the  alidade  on  c  and  sight  at  B  and  draw  a  line 
along  the  fiducial  edge.  Construct  the  angle  2  with  vertex  at 
point  a  in  the  same  manner.  The  line  joining  b  and  e  will  pass 
through  the  point  p  required.  Orient  the  board  by  sighting  at 
B  with  the  line  of  sight  along  the  line  eb  and  locate  p  by  resection. 


PLANE  TABLE  AT  P 

PLANE  TftBLEAT  D 

Fig.  31. — ^Two-point  Problem. 

Two-point  Problem.  When  two  points  A  and  B  (Fig.  31) 
on  the  ground  are  platted  on  the  plane  table  at  a  and  b,  are 
visible,  the  platted  position  of  a  third  or  required  point  P  may 
be  determined  by  estabhshing  through  it  a  line  parallel  to  AB 
and  orienting  the  table  by  means  of  that  line.  Set  up  the  plane 
table  at  D,  orient  it  approximately  by  the  eye  and  plat  the 
p)oint  d  and  the  Unes  dp',  da',  and  db\  Pick  up  the  table  and 
set  up  at  P  and  orient  it  with  reference  to  the  line  PD  by  placing 
the  fiducial  edge  on  the  line  p'd  and  sight  station  D.  Through 
any  pwint  />"  on  the  line  p'd  plat  the  lines  of  sight  to  B  and  A, 
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the  intersection  of  which  with  da'  and  db'  will  be  points  a" 
and  h"  respectively.  The  line  a"h"  is  then  parallel  to  AB. 
Placing  the  fiducial  edge  on  the  line  a"b"  and  make  a  mark  along 
this  line  about  500  feet  from  P,  in  this  way  establishing  a  line 
parallel  to  AB.  The  board  is  now  undamped  and  with  the 
fiducial  edge  on  line  ab  and  turned  until  the  line  of  sight  bisects 
the  mark,  making  ab  parallel  to  AB.  The  table  is  then  clamped 
and  the  fiducial  edge  in  contact  with  a  and  b  in  turn,  the  telescope 
is  directed  to  points  A  and  B  and  the  lines  pa  and  pb  are  drawn. 
The  intersection  of  these  lines  will  give  the  platted  position  of 
the  point  p. 

Adjustments.  The  necessary  adjustments  for  the  plane 
table  are  (i)  the  plate  level,  (2)  line  of  collimation,  (3)  the 
horizontal  axis,  (4)  the  attached  level.  The  adjustments  are 
made  similarly  to  those  of  a  transit. 

Summary.  Preliminary  surveys  are  made  by  the  use  of 
approximate  methods  and  the  resulting  work  will  not  be  accurate 
for  all  purix)ses,  but  for  certain  work  it  has  the  advantage  of 
being  rapidly  made  and  with  small  expense.  The  preliminary 
survey  is  usually  followed  by  the  precise  methods  which  involve 
the  use  of  the  various  instruments,  and  for  all  important  geo- 
logical work  they  should  be  used,  and  all  elevations  should  be 
referred  to  sea  level  and  leve'  work  checked  in  all  cases  at  the 
starting  B.M.  or  at  any  other  point,  where  elevations  may  be 
known. 


CHAPTER  VIII 

MAPS 

Development  work  of  an  oil  company  is  based  on  informa- 
tion carried  by  maps  which  are  constructed  for  that  purpose. 
The  various  maps  so  employed  are  the  Topographic,  Farm  and 
Geological  maps. 

TOPOGRAPHIC   MAPS 

A  topographic  map  is  one  which  shows  the  general  lay  of  the 
land  surface.  On  it  will  appear  all  creeks  and  rivers,  hills, 
valleys  and  mountains;  houses  and  towns,  roads  and  railroads; 
so  that  anyone  capable  of  understanding  and  interpreting  the 
maps  will  see  a  clear  picture  of  the  land  so  mapped. 

The  United  States  Geological  Survey  has  undertaken  the 
great  task  of  making  topographic  maps  of  the  entire  country  and 
at  the  present  time  about  one- third  of  it  has  been  so  mapped. 
These  maps  are  in  general  use  and  are  considered  as  a  standard 
in  topographic  mapping.     (Fig.  32.) 

The  country  has  been  divided  into  rectangles  known  as 
Quadrangles,  the  boundaries  of  which  are  certain  parallels  and 
meridians,  or  as  generally  referred  to  as  latitudes  and  longitudes. 
The  location  of  the  territory  which  the  map  shows  is  indicated 
by  a  name  which  has  been  given  to  it  from  some  important  town 
or  feature  that  the  territory  may  possess,  or  it  may  be  known 
by  the  controlling  meridians.  The  maps  are  made  to  three 
different  scales,  the  largest  one  being  a  scale  of  57:7^,  by  which 
is  meant  that  a  distance  of  one  inch  on  the  map  will  equal  62,500 
inches  on  the  ground,  or  one  inch  on  the  map  will  nearly  equal 
one  mile  on  the  ground.  This  scale  is  employed  in  sections  of 
large  population  or  important  industrial  centers.  For  the  greater 
part  of  the  country  a  scale  of  ^^^^'^^q  or  one  inch  to  nearly  two 
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miles,  is  used.  In  the  desert  regions  of  the  Far  West  a  scale  of 
ggp'ooo  or  four  miles  to  an  inch  scale  is  used.  For  some  important 
mining  regions,  special  or  larger  scales  have  been  employed  to 
some  extent. 


Fig.  32. — Topographic  Maps. 

Top  figure  without  contours;  bottom  figure  same  area  with  contours.     (Prom  U.  S.  G.  S. 

Topographic  map.) 

The  general  scheme  of  representing  the  various  surface 
features  is  based  on  the  use  of  three  colors,  so  that  the  works 
of  man,  known  as  culture,  such  as  houses,  railroads,  roads, 
bridges  and  towns  are  drawn  in  black.     Creeks,  rivers,  lakes, 
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seas  or  water  of  any  kind  are  shown  by  blue  coloring,  while  the 
relief  or  the  surface  elevations  and  depressions,  such  as  hills, 
mountains  and  valleys  are  depicted  by  brown  figures  and  brown 


Fig.  34. — Landscape  with  its  Corresponding  Topographic  Contour  Map  below  it. 

The  mountain  marked  A  in  the  upper  map  docs  not  show  on  the  contour  map.     (U.  S.  G.  S.) 


contour  lines.     (In  some  of  the  latest  maps,  a  fourth  color, 
green,  has  been  used  to  represent  wooded  areas.) 

Various  conventions  are  used  to  represent  certain  features, 
and  they  may  best  be  understood  by  a  study  of  the  accompany- 
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ing  table  of  conventions,  on  which  a  number  of  the  common 
symbols  are  shown.    (Fig.  ^$.) 

Contour  Lines.  When  points  having  the  same  elevations 
are  connected  by  a  line,  the  resulting  line  is  known  as  a  contour 
line.  (Fig.  34.)  If  one  follows  a  contour  on  the  ground,  he  will 
be  going  neither  up  hill  nor  down  hill  but  will  maintain  the  same 
altitude  all  the  time.  So  each  line  represents  a  certain  elevation, 
which  in  the  case  of  government  topographic  nfiaps  are  based  on 
mean-tide  as  a  datum  plane.  A  scale  of  20  feet  contour  interval 
indicates,  that  the  difference  of  elevation  from  one  line  to  the 
next  one  is  20  feet.  By  the  use  of  these  lines  it  is  a  simple  process 
to  show  hills  and  valleys  very  plainly,  not  only  their  shai>e  and 
form  are  shown  but  the  differences  in  altitude  are  recorded  by 
them.  Certain  lines,  generally  the  fifth  ones,  show  by  the  figures 
on  them  the  elevation  they  represent;  thus,  the  500  foot  contour 
will  indicate  the  points  on  the  earth's  surface  which  are  500 
feet  above  sea-level.  The  grade  or  steepness  is  also  indicated  by 
the  contours,  and  upon  observation  it  will  be  seen  that  when 
the  lines  are  close  together  they  indicate  steepness  and  when 
they  are  further  apart  the  slope  is  a  gentle  one.  It  must  be 
understood  that  contour  lines  can  never  cross  each  other,  and 
that  they  will  always  close  upon  themselves;  this  may  take  place 
in  a  small  area  or  may  be  noticeable  only  if  a  large  territory  is 
examined. 

Besides  the  contour  lines,  figures  are  also  used  to  denote  the 
elevations,  thus  prominent  points,  such  as  railroad  or  road 
crossings  or  prominent  hills  may  be  marked  by  brown  figures 
indicating  the  elevation  of  that  point  to  the  nearest  foot.  Many 
bench  marks  (B.M.)  or  points  of  exact  elevations  have  been 
established,  and  are  marked  by  permanent  metal  tablets.  Such 
elevations  have  been  very  carefuUy  determined  and  known  to 
the  nearest  thousandth  of  a  foot. 
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FARM   MAPS 

Farm  maps,  as  the  name  implies,  show  the  size,  extent  and 
shape,  as  well  as  the  ownership  of  the  farms.  (Fig.  35.)  The 
best  farm  maps  are  made  with  the  topographic  map  used  as  a 
base;  that  is,  the  topographic  map  is  enlarged,  generally  to  a 
scale  of  four  inches  to  a  mile;  the  contour  lines  left  oflf  (brown 
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Fig.  35. — Farm  Map,  Area  Represented   is  One   Square  Mile,  or   One  Section; 
also  Showing  Methods  of  Well  Location  Sur\'eys. 

Rectangular  method:  location  on  J.  Smith  8o-acre  tract  in  section  5.  300  feet  south  of 
the  north  line,  400  feet  east  of  the  west  line.  Bearing  method:  location  on  P.  T.  Darr  150- 
acre  tract  in  section  S-  From  comer  stone  at  southwest  corner  of  pioperty  850  feet  bearing 
north  i6°  east. 


figures  may  be  left  on),  and  the  farm  lines  and  other  information 
added.  An  existing  farm  line  map  may  easily  be  combined  with 
the  topographic  map,  or  the  description  of  the  farms  obtained 
at  the  proper  courthouse  and  the  maps  constructed  from  the 
deeds.  The  best  farm  map)s  are  so  constructed.  Of  course,  a 
survey  of  the  farm  is  necessary  if  data  are  not  obtainable  other- 
wise. 

In  the  Eastern  States,  Pennsylvania,  West  Virginia,  etc.,  the 
farms  are  irregular  in  shape,  but  a  rectangular  system  of  land 
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division  has  been  provided  by  Acts  of  Congress  at  various  times, 
requiring  the  subdivision  of  land  surface  into  rectangles;  sc- 
at first  six-miles  square  rectangles  were  laid  out  and  referred  to 
as  townships  and  ranges,  later  it  was  decided  that  the  six-mile 
square  townships  be  further  subdivided  into  rectangles  of  one 


T.4N. 
R.1E. 


T.3N. 
R,1E. 


T.  2N, 
R.1E. 


T.  IN. 
R.1E. 


First  SUndard  Parallel  North 


R.2E, 


T,4N. 
R.3B. 


T.3N. 
R.2E. 


T.  2  N. 
R.2B. 


T.  IN. 
R.2K. 


T.3N. 
R.3E. 


T.  2N. 
IL3E. 


_w  jio"|"ata,o"]«i 

wfaiMlnijelts 
—+—+■"+-■•" -i — 

3l|  K;»iM|S5  |36 


T.4N. 
R.4B: 


T.3N. 
R.4E. 


T.  2  N. 
.I1.4E. 


T.  IN. 
R.4E. 


Point 


Biuu  Line 

Fig.  36.- -Subdivision  of  Land  into  Ranges  and  Townships. 
T.  I  N..  R.  3  E.  is  shown  subdivided  into  sections. 


square  mile  and  known  as  sections,  giving  thirty-six  sections  to 
a  township  and  numbered  accordingly  from  one  to  thirty-six, 
with  section  one  in  the  northeast  corner  and  thence  west  and 
east  alternately  up  to  thirty-six,  in  the  southwest  corner.  Later 
half  section  lines  were  also  authorized  to  be  run,  further  sub- 
dividing the  land   into   smaller   but   always  rectangular  por- 
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tions.  Thus  in  a  section  of  one  square  mile  we  have  640  acres, 
a  half  section  320  acres,  160  acres  to  a  quarter  section.  The  letter 
of  the  law  could  not  be  followed  out,  as  it  is  impossible  to  set  out 
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true  rectangles  on  a  spherical  surface,  and  a  certain  error  is 
obtained  which  is  generally  proportioned  into  the  northern  tier 
of  sections.     (Fig.  36.) 

A  farm  map  is  used  to  show  the  leases  held  by  a  company  as 
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well  as  the  leases  of  a  comi>eting  company;  various  colors  are 
in  ose  to  indicate  the  various  leaseholds.  The  maps  also  show 
the  prof)er  location  of  all  wells. 

The  systems  employed  in  surveying  well  locations  are  two  in 
number,  the  rectangular  method  and  the  bearing  method. 

The  rectangular  method  necessitates  the  use  of  a  measuring 
tape  or  chain,  or  may  be  fjaced;  and  the  locations  are  measured 
at  right  angles  to  the  farm  lines.  Many  States  require  this 
method  for  well  locations  and  it  is  the  most  advantageous,  as  it 
is  easily  made  and  the  distances  from  the  property  •  lines  are 
known.  Such  locations  may  easily  be  described  verbally; 
thus  the  statement  that  a  well  on  the  J.  Smith  farm  is  300  feet 
south  of  the  north  line  and  400  feet  east  of  the  west  line  is  easily 
understood  and  the  corresponding  location  on  one's  own  map 
made.     (Fig.  35.) 

The  bearing  method  necessitates  the  use  of  a  transit  or  com- 
pass, and  the  location  is  indicated  by  the  distance  a  well  is  from 
the  nearest  corner  stone  of  the  farm  and  the  magnetic  bearing 
of  that  line.  This  method  is  inferior  to  the  rectangular  method, 
and  should  be  avoided  wherever  possible.    (Fig.  35.) 


GEOLOGICAL  MAPS 

Maps  dealing  with  the  various  phases  of  geology,  such  as 
areal  geological  maps,  structure  maps,  isobath,  isochore,  iso- 
pachous  and  other  similar  maps  are  considered  under  this  heading. 

Areal  Geological  Maps.  These  maps  show  the  location  of 
the  geological  formations  that  outcrop  at  the  surface;  the  value 
of  which  is  to  acquaint  one  with  the  various  rocks  that  will  be 
encountered  in  the  field,  also  it  may  give  certain  hints  as  to  the 
presence  of  folds  and  faults.    (Fig.  38.) 

Structural  Maps.  Structural  geology  deals  with  the  deforma- 
tion and  attitude  of  the  strata  and  the  relation  of  the  rocks  to 
one  another.  There  are  various  ways  to  depict  structural 
features,  but  the  best  and  simplest  method  is  by  means  of  contour 
lines  used  to  denote  the  elevations  and  depressions  of  the  strata. 
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Such  maps  are  known  as  isobath  maps  or  sometimes  structure 
contour  maps,  and  they  show  graphically  the  various  folds  and 
faults  over  the  territory  that  has  been  examined. 

The  use  of  contour  lines  becomes  very  valuable  in  this  con- 
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Fig.  38.— Geological  Map  of  Oklahonuu 
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nection  as  by  means  of  it  the  various  facts  may  be  shown.  Thus 
we  may  indicate  the  dips  of  d  stratum,  the  thickness  of  the  stratum 
as  well  as  convergence  or  lateral  variation  between  strata.  For 
this  reason  a  thorough  understanding  of  contour  lines  must  be 
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had,  as  well  as  the  distinction  between  the  surface  contours  and 
structural  contours.         '^-  * 


Profile  along  line  AB. 

Fio.  39. — Isobath  or  Structure  Contour  Map,  Showing  the  Various  "  Structures ' 
Encountered  in  the  Oil  and  Gas  Fields.    Contour  inter\'al  10  feet. 


Isobath  Map.    The  object  of  this  map  is  to  show  the  dips  of 
a  stratum.    (Fig.  39.)    Such  a  map  is  constructed  from  the  data 
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Fig.  40c.  Fig.  40/. 

Fig.  40a. — Location  and  Elevation  of  Key-horizon  as  Determined  in  the  Field. 
Fig.  406. — Mechanical  Interpolation  of  Unknown  Elevations  between  the  Known 

Ones. 
Fig.  40c.— All  Point^s  of   Equal  Elevations  are  Joined  Together  (Contoured). 
Fig.  40(/. — The  Finished  Isobath  or  Structure  Contour  Map  of  a  Surface  Key- 
horizon. 


ISOCHORE  MAPS  79 

obtained  in  the  field  during  the  course  of  the  geological  work. 
The  elevations  of  a  key-horizon  are  determined,  and  if  more 
than  one  key-horizon  has  been  used,  they  are  to  be  reduced  to  a 
common  one  by  the  addition  or  subtraction  of  the  interval 
between  them.  The  elevations  thus  determined  are  plotted  on  a 
map  in  their  proper  places,  and  contour  lines  or  isobaths  are 
drawn  through  the  points  having  the  same  elevations.  It  is 
quite  often  necessary  that  certain  mechanical  computations  are 
to  be  made  to  obtain  all  the  points  through  which  the  lines  are 
to  be  drawn;  thus  if  we  have  two  figures  of  520  and  550  feet 
and  we  intend  to  use  10  feet  contour  interval,  it  will  be  necessary 
to  determine  the  points  where  the  530  and  540  feet  lines  are  to 
pass  through,  so  their  position  is  to  be  interpolated  between  the 
known  points  of  520  and  550.  (Fig.  41.)  From  this  it  will  be 
seen  that  the  accuracy  of  the  map  depends  on  the  number  of 
elevations  of  outcrops  and  their  proximity  to  each  other.  An 
isobath  map  that  is  constructed  in  this  way  will  show  the  various 
dips  of  the  strata  in  a  graphical  way,  it  will  be  correct  for  the 
various  deformations  of  the  key-horizon,  and  it  will  give  us  an 
idea  what  such  a  key-horizon  would  look  like  if  the  entire  surface 
soil  had  been  stripped  off.  The  completed  map  will  show  all 
anticlines,  syiiclines  and  other  structures  existing  in  the  territory 
so  mapped.    (Fig.  40.) 

Isochore  Map.  The  isochore  map  or  convergence  sheet  is 
used  to  assist  in  making  an  isobath  map  of  the  producing  horizon 
from  an  isobath  map  of  a  surface  or  key-Jmrizon.  In  most  places, 
the  interval  or  the  distance  between  a  key-horizon  and  the  oil- 
or  gas-bearing  stratum  may  not  be  the  same,  and  will  vary  from 
place  to  place,  thus  at  one  point,  for  example,  the  interval  will  be 
1 500  feet,  and  about  four  miles  further  east  the  interval  between 
the  same  two  strata  may  be  1540  feet,  in  other  words  the  lateral 
variation  between  the  two  points  will  be  40  feet.  The  informa- 
tion can  be  obtained  from  well  records  only,  and  the  more  numer- 
ous the  records  the  more  correct  will  be  the  convergence  sheet, 
which  is  constructed  as  follows:  The  position  of  each  well 
whose  record  is  used  is  plotted  in  its  proper  place  and  the 
interval  between  a  key-horizon  and  the  producing  horizon  is 
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noted  alongside  the  well,  with  these  figures  as  a  basis  a  contour 
map  is  constructed,  which  when  completed  will  show  the  points 
along  which  the  interval  is  the  same,  in  other  words  each  line 
or  isochore  will  represent  equal  intervals.  (Fig.  41.)  Such  a 
map  should  be  made  on  tracing  cloth  or  other  transparent 
material.    The  next  procedure  is  to  combine  the  isobath  map  of 


Fig.  410.  Fig.  41b. 

Fig.  41. — Isochore  (equal  thickness)  Map. 

Fig.  41a. — Location  of  wells,  the  records  of  which  are  used  for  the  construc- 
tion of  this  map.  The  figures  alongside  of  the  wells  show  the  inter\'al  or 
distance  between  the  surface  key-horizon  and  the  producing  sand.  The  inter- 
polated unknown  points  are  also  shown. 

Fig.  41b. — The  completed  isochore  map;  each  line  or  isochore  shows  the 
points  along  which  the  interval  is  constant  between  the  surface  key-horizon  and 
the  producing  sand.     This  map  is  sometimes  known  as  a  Convergence  sheet. 

the  surface  key-horizon  and  the  isochore  map,  which  is  as  follows: 
the  isochore  map  is  superimposed  over  the  isobath  map,  and 
the  figure  of  each  isochore  is  subtracted  from  the  figures  of  the 
isobath  at  every  point  where  they  cross  each  other,  obtaining  a 
new  set  of  figures,  which,  when  contoured,  will  be  the  isobath 
map  of  the  producing  horizon,  as  the  figures  resulting  from  such 
operation  will  be  the  elevation  of  the  producing  sand  at  that 
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point  with  reference  to  the  chosen  datum  plane.  (Fig.  43.) 
Lateral  variation  in  most  instances  is  quite  regular  in  a  certain 
direction,  that  is,  it  may  be  that  the  intervening  strata  causing 
such  a  variation  thicken  in  a  certain  direction  at  a  certain  rate, 
or  as  may  best  be  expressed  by  the  statement  that  a  certain 
stratum  has  a  lateral  variation  of  10  feet  per  mile  southeast. 
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Etc.  42(2. — The  isochore  map  (Fig.  41&)  is  superimposed  upon  the  isobath 
map  (Fig.  40c). 

Fig.  426. — The  figures  are  obtained  by  subtracting  the  isochores  from  the 
isobath  at  ever>-  pwint  where  they  cross  each  other.  The  figures  of  the  isochores 
in  this  case  being  greater,  the  resulting  figures  are  minus,  indicating  distance 
below  sea-level.  These  points  will  show  the  elevation  of  the  sand  as  constructed 
from  the  two  maps. 


Lateral  variation  may  be  so  strong  that  it  may  entirely  obliterate 
any  surface  structure,  and  where  small  structures  are  known  a 
strong  lateral  variation  may  obliterate  it  in  such  a  way  that  the 
producing  horizon  may  not  show  such  a  structure.  This  is  the 
case  in  the  "Clinton"  sand  pools  of  Ohio,  where  all  the  forma- 
tions thicken  towards  the  east,  due  to  the  fact  that  deposition 
has  taken  place  along  the  east  flank  of  an  anticlinal  fold,  where 


82 


MAPS 


the  folding  and  deposition  took  place  at  about  the  same  time, 
thus  the  deposits  further  from  the  axis  will  be  in  all  cases  thicker. 
Many  lenticular  as  well  as  many  new  formations  and  sands  may 
make  their  appearance  under  such  conditions,  away  from  the 
axis. 

Of  course,  the  value  of  a  convergence  sheet  is  increased  with 
the  number  of  well  records  that  are  obtainable.    Wherever  well 


Fig.  43a.  Fig.  436. 

Fig.  43a. — The  Calculated  Elevations  of  the  Pay-sand  (Fig.  426)  are  plotted 
and  the  unknown  points  interpolated.  The  points  of  equal  elevations  are  joined 
together. 

Fig.  436. — The  Completed  Isobath  Map  of  the  Sub-surface  Structure.  Com- 
pare this  map  with  Fig.  4od. 

logs  are  numerous,  it  is  possible  to  construct  an  isobath  map 
directly  from  such  records,  simply  by  taking  the  elevation  of  the 
surface  at  each  well,  the  elevation  of  the  sand  computed  and  the 
isobath  map  constructed  from  those  figures. 

Another  valuable  use  to  which  contour  lines  may  be  put  to  is 
to  show  the  general  variation  of  thickening  of  a  certain  stratum, 
generally  that  of  a  "pay-sand."  Thus  if  the  figures  showing  the 
thickness  of  a  stratum  are  properly  plotted  and  a  contour  map 
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made  from  those  iSgures  the  resulting  contour  map  will  show  the 
direction  and  the  amount  of  variation  in  the  sand.    Such  maps  are 
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Fig.  44a. — Indicates  Two  Properties  Drilled  Up.  At  each  hole  the  amount 
of  sand  found  is  indicated  by  the  figures. 

Fig.  44b. — The  Same  Condition  is  Indicated  by  Means  of  Contour  Lines, 
each  one  showing  the  points  along  the  sand  having  equal  thickness,  in  this  case 
the  lines  are  known  as  Iso-pachous  lines. 

Fig.  44c. — Section  of  Sand  along  Property  Line; 

known  as  iso-pachous  maps,  and  are  of  great  importance  in 
observing  the  pinching  and  swelling  of  a  sand,  and  as  the  varia- 
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tions  take  place  with  some  regularity,  it  becomes  possible  to 
determine  the  points  where  the  sand  may  be  expected  to  "pinch" 
out  entirely.  Lenticular  sands,  as  well  as  porous  portions  of 
sandstones,  may  be  mapped  in  this  manner,  the  data  being 
obtained  from  well  records.     (Fig.  44.) 


CHAPTER  EX 
GEOLOGICAL  FIELD   WORK 

The  object  of  the  field  examination  of  a  prospect  is  to  collect 
data  from  which  structural  and  other  maps  may  be  constructed. 
The  methods  employed  are,  the  reconnaissance  survey  or  pre- 
liminary examination,  during  which  the  probable  key-horizons 
may  be  found,  the  various  wells  that  have  been  drilled  are  looked 
up,  and  whatever  information  regarding  them  is  obtainable. 
Any  geological  information  that  may  be  had  on  the  territory 
in  question  is  also  to  be  examined  to  enable  the  laying  out  of  a 
proper  scheme  for  the  final  or  precise  survey,  by  which  the  field 
work  is  completed. 

The  first  step  for  the  prospector  before  beginning  his  work 
in  the  field  is  to  obtain  all  the  possible  information  he  can  from 
maps  and  previously  published  reports.  Many  clues  may  be 
found  that  may  save  time  or  enable  the  discovery  of  structure. 

In  many  regions  the  topography  may  bear  some  relation  to 
folding,  and  the  tojwgraphic  maps  may  be  used  to  show  such 
folding.  In  a  country  of  large  and  complex  folding,  the  topo- 
graphic contours  may  show  the  structures  very  plainly  (Fig.  45), 
the  danger  is  in  mistaking  the  proper  correlation  of  the  outcroj)- 
ping  formations.  It  is  possible  that  a  suitable  dome  may  be 
found,  but  due  to  strong  folding  the  oil-  or  gas-bearing  horizons 
may  have  been  brought  to  the  surface  and  eroded.  This  applies 
only  where  the  absence  of  other  sands  below  the  eroded  ones  is 
known. 

Massive  sandstones  and  limestones  (hard  strata)  may  form 
prominent  escarpments  or  hog-backs,  rurming  parallel  to  the 
strike  of  the  rocks,  which  generally  are  due  to  regularly  dipping 
beds,  and  might  have  been  eroded  by  streams  running  in  the 
direction  of  the  strike.    Such  a  topography  has  a  "stair-step" 
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Vertical  section  along  lower  edge  of  map. 


Dotted  line,  profile  of  surface.    Heavy  line,  profile  of  structure. 
Fig.  45.— Effect  of  Folding  upon  Topography.    Chestnut  Ridge  anticline  form- 
ing a  prominent  ridge.    A  valley-like  depression  is  caused  by  erosion  along  the 
anticlinal  a.xis.     (Map  from  Connelkville  (Pa.)  folio,  U.  S.  G.  S.) 
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ViQ.  40 J.  —Isobath  Map  of  the  Buming  Springs  .vnlKlinc  (.W .  \  a.)  Tiui  li  one 
of  the  most  pronounced  producing  structures  in  the  Appalachian  fields.  (From 
W.  Va.  State  Geol.  Survey.) 
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appearance  and  clearly  indicates  the  regional  dip  of  the  strata. 
When  the  dips  are  to  the  west,  the  steepest  escarpments  are  on 
the  east  side  of  the  hills,  having  the  west  slope  or  dip  slope, 
rather  gentle.  Wherever  the  master  dip,  or  main  dip,  is  inter- 
rupted by  a  dip  in  the  opposite  direction,  known  as  a  "reversal," 
a  fold  is  present.  Thus  if  the  direction  of  the  main  dip  over  a 
large  territory  be  known,  it  is  possible  to  find  the  reversals  by 
working  in  the  direction  of  the  master  dip.     Reversals  or  dip 


Fig.  46b. — East  and  West   Section   Across  Highest   Part  of  Burning  Springs 

Anticline  (W.  Va.) 


Section  along  line  i4jB.  Fig.  460;  A.  horizontal  scale  }"  • 
B,  horizontal  and  vertical  scales  being  equal,  i"  "  S-sSo'. 
zontal  and  vertical  scale«  are  different. 


=  5.280';  vertical  scale  J""Soo'; 
Notice  the  effect  when  the  hori- 


slopes  are  sometimes  to  one  side  (the  reverse  side)  of  the  anti- 
cline, the  axis  show'ng  weathered  knobs,  flat-topped  mesas  and 
buttes,  or  other  characteristic  forms  along  small  dips.  Where 
the  dips  affect  the  topography  of  a  country,  they  are  of  the 
larger  kind,  and  in  a  territory  where  the  dips  are  small  (15  to 
30  feet  per  mile)  less  dependence  should  be  placed  on  topographic 
features,  as  the  arrangement  and  slopes  of  existing  hills  may  or 
may  not  have  been  caused  by  the  dip  of  the  beds.  In  such  cases 
the  actual  instrumental  survey  is  the  only  safe  method  by  which 
attitudes  may  be  observed.     (Fig.  46a -6.) 
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Areal  geology  niajjs  may  give  some  clue  as  to  existing  condi- 
tions. Where  older  rocks  are  surrounded  by  younger  ones 
(Fig.  47)  it  may  indicate  the  presence  of  a  fold  (and  sometimes 
a  fault).  Should  a  stream  originating  in  the  younger  rocks  cut 
across  the  older  ones  then  to  the  younger  ones,  the  presence  of 
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Fig.  47. — .-Vntidinal  Structure  Indicated  by  Younger  Rocks  Surrounding  Older 
Ones,  at  Lander,  Wyo. 


an  anticline  is  plainly  indicated.  If  the  conditions  are  reversed, 
i.e.,  if  a  stream  originates  in  older  strata,  then  flows  through 
younger  ones,  then  back  to  older  ones,  a  synclinal  structure  is 
present.  (Fig.  48.)  It  is  also  possible  that  when  younger  rocks 
are  surrounded  by  older  ones,  the  presence  of  such  a  condition 
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is  due  to  erosion  which  has  left  the  younger  rocks  as  outliers. 
(Fig.  49.)  Similarly  inliers  may  be  formed  by  erosion,  causing 
older  rocks  to  be  surrounded  by  younger  ones.  A  rapid  succes- 
sion of  strata  in  regular  order  from  older  to  younger  or  vice  versa 
indicates  a  plane-dipping  homocline,  and  will  show  the  direction 
of  the  master  dip  of  the  territory. 

A  plunging  anticline  or  syncline  running  parallel  to  the 
master  dip  will  have  a  V-shaped  appearance  on  an  areal  geology 
map.    (Fig.  50.) 

Folds  and  faults  indicated  by  such  methods  are  the  larger 


Fig.  48.— Synclinal  Structure.     (After  Willis.) 


ones,  and  it  is  possible  that  any  of  these  structures  may  be 
present  without  a  corresponding  clue  in  areal  geology  maps. 
It  is  only  in  exceptional  cases  where  small  structures  may  be 
determined  from  such  maps.  A  valley  may  be  running  along  an 
anticlinal  axis,  or  the  reverse  may  be  true,  where  the  anticlinal 
axis  may  give  rise  to  a  ridge. 

In  the  gulf  coast  country,  the  presence  of  salt-domes,  which 
are  the  producing  structures,  gives  rise  to  small  knobs  or  eleva- 
tions that  may  be  plainly  seen.  However,  many  such  domes 
are  not  so  indicated. 

It  is  sometimes  possible  to  plot  the  mapped  horizon  on  a 
topographic  map  and  the  dips  calculated  by  the  "cutting-across- 
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contours'*  of  certain  beds.  Coal  seams  or  limestones  are  best 
used  in  this  connection.  This  method  is  simply  the  determining 
of  elevations  of  the  chosen  horizon  by  the  topographic  contour 
lines,  and  a  map  so  obtained  may  give  some  clue  to  various 
structures. 

In  a  country  where  workable  coal  seams  exist,  but  owing  to 
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Fig.  49.  Fig.  50. 

Fig.  49. — Outlier  Caused  by  Erosion,  "  Bellefontaine  Outlier,"  Northwestern 
Ohio. 

Fig.  50. — Outcrop  of  the  Conemaugh  Formation  in  Eastern  Ohio.  (After 
D.  Dale  Condit.)  Note  the  effect  of  the  plunging  Cambridge  anticline  crossing 
the  formation  along  the  dotted  line,  causing  a  V-shaped  bend. 

the  fact  that  means  of  transportation  are  not  handy  such  coals 
are  not  mined  on  a  large  scale,  it  is  nevertheless  common  for 
many  small  country  coal  banks  to  be  mined  by  the  land-owners 
themselves  for  their  own  use.  The  drifts  or  openings  for  such 
mines  are  generally  driven  up  the  dip,  so  as  to  prevent  the  acciunu- 
lation  or  water  in  the  coal  bank;  as  drifts  driven  down  dip  will 
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accumulate  water,  necessitating  the  use  of  pumps  or  siphons,  as 
well  as  hauling  the  coal  out  of  the  mine  against  gravity. 

The  last  resort  is  to  map  the  structure  carefully  in  the  field 
with  the  use  of  the  proper  instruments.  The  general  method  is 
by  determining  the  elevation  of  one  or  more  key-horizons  at 
many  points.  The  success  of  such  a  work  depends  upon  the 
exposures  available,  and  their  proper  identification.  By  a  key- 
horizon  is  meant  any  stratum  that  may  be  followed  from  place  to 
place,  or  from  outcrop  to  outcrop.  If  such  outcrops  are  not 
continuous  but  are  some  distance  apart,  they  may  be  identified 
by  some  characteristic  peculiar  to  such  a  rock.  Fossils  offer  the 
best  and  surest  means  of  recognizing  horizons,  and  therefore 
thin  fossiliferous  limestones  make  the  best  key-horizons.  The 
columnar  sections  that  are  to  be  constantly  made  may  show  up 
some  similarity  by  means  of  which  a  stratum  may  be  identified. 
Lithology,  or  the  character  of  the  rocks,  may  be  such  as  to  be  of 
value  in  this  connection,  however,  only  to  a  small  extent,  espe- 
cially in  the  case  of  shales  and  sandstones,  as  they  may 
change  from  one  to  the  other  within  a  short  distance.  Thus,  a 
sandstone  found  in  one  hill  may  take  the  phase  of  a  shale  in  the 
next,  and  if  this  is  not  recognized  it  may  mislead  one  in  the 
interpretation  of  the  columnar  section.  The  topographic  ter- 
races caused  by  resistant  strata  may  be  followed  if* no  other 
means  are  possible.  Coals  make  very  good  key-horizons,  but 
where  many  coal  beds  are  found,  care  must  be  taken  not  to  con- 
fuse them.  The  shale  partings  in  a  coal  bed  may  be  such  as  to 
be  of  use  in  recognizing  that  particular  seam.  Prominent  sand- 
stone ledges  may  be  followed  and  used  as  horizon  markers,  but 
must  be  handled  carefully. 

In  following  outcrops,  it  is  possible  to  find  some  clue  to  them 
even  when  they  are  under  cover;  thus  many  coal  seams,  lime- 
stones and  sandstones  may  have  a  spring  issuing  forth,  and  as  the 
springs  may  be  from  a  certain  horizon,  they  may  be  used  to 
some  extent  if  carefully  handled  to  find  the  outcrop  of  the  forma- 
tion. Again,  many  strata  do  not  support  vegetation  and  there- 
fore the  surface  along  them  will  be  barren  and  cut  up,  giving 
the  appearance  of  "bad-lands"  on  a  small  scale.    A  peculiar 
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color  of  shale,  if  known  to  be  above  or  below  a  key-horizon,  may 
assist  in  finding  the  stratum  looked  for,  and  may  indicate  the 
points  to  be  searched. 

The  methods  of  obtaining  the  elevations  of  the  various  key- 
horizons  are  by  means  of  the  aneroid  barometer,  engineer's 
spirit  level,  transit  stadia  and  plane  table.  The  results  obtained 
by  the  use  of  the  aneroid  are  subject  to  the  limitations  of  the 
instrument,  and  it  is  best  adapted  to  a  country  that  has  many 
established  bench  marks,  and  where  the  outcrops  are  some  dis- 
tance apart;  its  advantage  is  the  rapidity  with  which  it  may  be 
completed,  but  folds  so  mapped  are  shown  only  in  a  general 
way,  as  the  smaller  variations  of  the  contour  lines  cannot  be 
obtained  by  such  means. 

Where  good  topographic  maps  are  available  so  that  the 
position  of  outcrops  may  be  easily  determined  and  indicated 
on  the  map,  and  where  only  one  key-horizon  is  followed,  th« 
engineer's  spirit  level  may  be  used  to  good  advantage.  Starting 
at  a  B.M.  the  elevation  of  the  nearest  outcrop  is  obtained,  and 
the  level  is  kept  at  that  horizon  and  the  rock  followed  from  place 
to  place  along  that  contour,  which  will  also  assist  in  finding  the 
outcrops  as  the  elevation  is  being  carried  along. 

Under  similar  conditions,  but  where  more  than  one  "marker" 
is  used,  the  transit  stadia  is  a  dependable  and  fast  method  that 
may  be  employed.  The  use  of  this  method  enables  the  geologist 
to  follow  his  key-horizons  through  all  kinds  of  conditions; 
and  he  may  easily  change  from  the  stadia  to  the  spirit  level 
method.  It  is  of  great  value  in  a  wooded  country  where  numer- 
ous "set-ups"  are  required. 

Attention  is  called  to  mistakes  that  may  be  caused  by  the 
changing  from  the  stadia  method  to  the  spirit  level.  The  stadia 
measurements  are  generally  figured  from  the  ground,  and  if  the 
method  is  changed,  the  proper  allowance  is  to  be  made  for  the 
height  of  the  instrument,  of  the  spirit  level.  For  example: 
If  a  change  is  made  from  the  level  to  the  stadia,  and  if  the  last 
"shot"  was  a  back  sight,  it  will  be  necessary  to  subtract  the 
height  of  the  instrument  above  the  ground,  from  the  height  of 
the  instrument  above  sea-level,  which  is  the  last  computation 
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in  the  notebook;  and  vice  versa,  when  changing  from  stadia 
to  the  spirit  level  method,  and  if  the  next  sight  is  to  be  a  fore- 
sight, it  will  be  necessary  to  add  to  the  ground  elevation  the 
height  of  the  instrument  above  the  ground  to  obtain  the  H.I. 
above  sea-level  before  such  a  fore-sight  may  be  taken.    (Fig.  24.) 

The  plane  table  is  used  to  best  advantage  when  a  topographic 
map  is  not  obtainable,  as  by  use  of  it,  both  topographic  and 
geologic  maps  may  be  made  simultaneously.  The  plane  table 
is  at  a  disadvantage  in  a  wooded  country,  where  numerous  set- 
ups are  necessary.  It  is  advisable  that  a  note-book  should  also 
be  used  in  connection  with  the  plane  table. 

The  plane  table  is  by  far  the  most  important  instrument  for 
the  geologist  and  it  is  most  frequently  used  in  all  kinds  of  geo- 
logical work ;  both  the  results  obtained  and  the  time  and  expense 
connected  with  it  are  its  main  features.  The  main  points  in  its 
favor  are  that  the  outcrops  and  their  elevations  as  well  as  all 
topographic  details  may  be  obtained  and  mapped  right  in  the 
field  so  that  the  actual  construction  of  the  map  in  the  field  may 
show  errors,  which  may  be  eliminated,  such  errors  if  obtained 
only  in  the  office  when  the  field  notes  are  worked  up  would 
necessitate  an  extra  trip  back  in  the  field.  No  cumbersome 
notes  are  kept  and  the  calculations  are  eliminated.  Horizontal 
angles  are  not  read  and  recorded  but  plotted  on  the  map.  Any 
necessary  sketching  is  done  at  once  and  not  made  from  memory, 
so  the  details  themselves  may  serve  as  models  which  in  office 
work  would  not  be  obtainable.  The  limit  within  which  the 
survey  closes  both  as  to  horizontal  and  vertical  measurements 
will  be  evident  whenever  a  check  reading  is  taken  on  various 
known  points,  thus  a  check  on  the  work  is  had  at  all  times.  By 
means  of  it  maps  may  be  made  to  any  convenient  scale  directly 
and  economically  and  it  is  by  far  the  most  suitable  instrument 
for  the  geologist  and  if  properly  handled  it  is  a  guarantee  against 
inferior  results. 

It  is  customary  for  the  geologist  to  carry  the  rod  so  that  he 
may  pick  the  proper  outcrops  and  continually  examine  them, 
while  the  surveyor  at  the  table  may  give  all  his  attention  to  the 
mapping;  otherwise,  if  the  geologist  were  at  the  instrument  and 
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a  rod  man  used,  the  geologist  would  not  only  have  to  attend  to 
the  instrumental  work,  but  would  quite  often  be  compelled  to 
leave  it  to  attend  to  the  geological  features  which  may  need  his 
attention. 

Regardless  of  what  system  of  geological  surveying  is  employed, 
it  is  always  necessary  that  all  survey?  should  be  closed  or  checked. 
The  vertical  distances  are  the  most  important  in  this  connection 
and  therefore  in  all  cases  either  the  original  bench  mark  should 
be  used  or  the  survey  closed  at  another  bench  mark,  so  that  a 
check  on  the  correctness  of  the  work  may  be  had. 

During  the  progress  of  the  field  work  care  must  be  taken 
and  many  columnar  sections  made  throughout,  so  that  the 
several  key-horizons  may  be  reduced  to  a  common  one;  also 
lateral  variations  be  noted  and  its  general  direction  and  extent 
determined.  Do  not  hesitate  to  go  back  to  any  point  where 
certain  possibilities  may  offer  themselves;  if  you  are  in  doubt 
as  to  the  correlation  of  a  formation,  stay  with  it  until  you  solve 
it.  The  work  may  progress  along  smoothly  for  days  then  some- 
thing may  occur  that  will  hold  up  the  work,  but  it  is  better  that 
you  be  sure  of  your  formations  and  the  general  geology,  than  to 
make  a  hasty  guess  which  might  involve  serious  errors.  Remem- 
ber there  is  no  need  for  any  guessing  to  be  done,  the  geological 
work  in  the  field  must  be  absolutely  correct  in  accordance  with 
the  highest  standards. 

When  in  search  of  a  rock  in  particular,  the  farm  owners  may 
be  able  to  lead  you  to  the  very  place.  They  may  not  have  the 
same  name  for  it  that  the  geologist  uses,  but  they  are  usually 
observing  and  are  well  acquainted  with  their  immediate  vicinity 
and  the  peculiar  rocks  around  there,  and  they  may  save  you  time. 
They  are  generally  acquainted  with  the  "fossil-rocks"  and  coal 
beds,  and  may  be  able  to  jx)int  them  out  to  you  where  you  least 
expected  to  find  them.  Another  point  in  this  connection  that 
bears  watching  is  this,  be  sure  that  the  formation  you  find  is  in 
place,  watch  out  for  land  slips  that  may  have  dislocated  the 
rocks  from  their  original  position.  Exposures  found  along  roads 
are  to  be  carefully  watched,  and  wherever  possible  search  should 
be  made  in  the  fields,  up  gullies  and  ravines.    Road  and  railroad 
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cuts  offer  many  good  exposures,  creeks  should  be  followed,  but 
exposures  found  in  them  are  to  be  in  place,  and  not  merely  found 
lying  in  the  creek  bottom.  The  geologist  must  do  some  clear 
thinking  which  in  connection  with  his  instrumental  observations 
will  bring  good  results. 

Be  on  guard  against  false  dips.  Quite  often  a  stratum 
deposited  by  strong  currents  is  made  up  of  inclined  layers 
(cross  beds)  having  the  appearance  of  bedding  planes  which  may 
be  taken  for  dip.  They  are  most  often  found  in  sandstones. 
(Fig.  51.) 

Contemporaneous  erosion  may  also  mislead  one  in  this  same 
way.  This  is  caused  by  a  current  of  water  forming  a  channel 
during  sedimentation,  and  when  such  a  flow  has  stopped,  the 
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Fig.  51. — Cross  Bedding  or  False  Dip. 


excavated  channel  may  be  filled  up  resulting  in  an  irregular 
line  having  a  synclinal  appearance.    (Fig.  52.) 

The  methods  of  obtaining  dips  in  a  territory  where  the  dips 
may  easily  be  seen  with  the  naked  eye  is  done  by  means  of  a 
clinometer  and  magnetic  needle.  Such  instruments  may  be 
combined  in  one,  such  as  the  Brunton  pocket  transit.  It  is  best 
to  make  clinometer  measurement  at  points  where  the  outcrop 
may  be  seen  for  a  considerable  distance,  and  then  the  true  dip 
sighted  with  the  clinometer  in  hand,  at  the  upper  or  lower 
portion  of  the  outcrop  and  sighted  to  the  furthest  visible  portion 
of  it. 

Never  pass  up  any  wells  that  have  been  drilled  in  a  territory 
in  which  you  are  working;  and  by  all  means  try  to  get  all  the 
information  possible  about  them.    Locate  them  on  the  map  and 
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get  the  elevation  of  the  ground,  as  well  as  the  elevation  of  the 
top  of  the  casing  if  there  is  one  sticking  out  of  the  hole;  as  the 
measurements  of  the  depths  of  wells  are  done  from  the  derrick 
floor,  which  is  generally  on  level  with  the  top  portion  of  the 
casing. 

Seepages.    In  the  course  of  field  work  one  should  always  be 


Fig.  S2a. — Contemporaneous  Ejrosion. 


Fig.  526. — Contemporaneous  Erosion  Effecting  Coal  and  Allowring  Sandstone  to 
Replace  Upper  Part  of  Coal. 

Co«l  at  left  43  inches  thick;  at  center  14  inches;  at  latter  point  the  tipper  bench  of  coal, 
I  foot  thick,  has  been  entirely  removed.  (Geol.  Sttrv..of  Penna.  Report.  1906-1908.  Photo 
by  G.  H.  A.) 

on  the  lookout  for  seepages  of  oil  and  gas.  In  a  coimtry  not 
previously  prospected,  and  where  the  geological  horizons  are 
not  well  known,  seepages  are  of  great  value  in  determining  the 
possible  oil-  and  gas-bearing  horizons.  Seepages  may  be  either 
at  the  outcrop  of  the  strata  or  may  be  at  a  fault,  and  thus  in 
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each  case  the  condition  under  which  a  seepage  is  found  should 
be  determined.  Seepage  may  be  from  shale,  and  is  therefore 
important  only  in  determining  the  possible  source  from  which 
oil  may  migrate  into  a  suitable  reservoir.  A  seepage  at  the  out- 
crop might  indicate  that  the  stratum  is  petroliferous,  and  in 
following  the  stratum  down  the  dip  away  from  the  point  of 
seepage  and  under  good  structure  it  may  become  a  good  prospect. 


p_^c    _   n 

^        /^<                    •   r 

J 

Fig.  53. 

Ponnulae. 
To  find  thickness  of  stratum  when  distance  A  B  and  angle  at  A  (a) 

are  known.    (.BG  unknown.) BC  "  .4  B  sin  a 

To  find  depth  of  stratum  under  cover  at  point  P  when  distance  BE  1  e-e-     d  c  ♦ 

and  angle  of  dip  are  known.     PE  is  obtained   by  leveling  fci^irii?     »»ij     ..t. 
.        between  Band  P.     (£F  unknown.)  |£F+P£-toUl  depth. 


To  find  dip  of  stratum,  when  PF,  BE  and  PE  are  known.    (Angle 
EBF  (a)  unknown  dip.) 


PF—PE> 
EF      ^ 
B£-*^" 


>EF 


Note. — If  P  is  lower  than  B,  the  algebraic  sign  of  PE  is  the  opi>osite  to  that  given  above. 
In  a  general  formula  PE  should  be  shown  as  plus  or  minus  ( ±.). 


If  the  outcrop  is  well  sealed  by  the  residue  of  evaporated  oil, 
the  latter  may  be  found  close  to  the  outcrop.  A  change  in  the 
lithological  character  of  a  rock  may  also  permit  accumulations 
a  short  distance  away.  There  are  a  great  many  pools  so  located, 
near  the  outcrop,  and  although  generally  small,  yet  are  commer- 
cially valuable,  as  they  are  shallow  and  therefore  not  expensive 
to  operate.  Outcropping  sands  may  be  analyzed  to  determine 
the  presence  of  oil,  by  treating  a  crushed  sample  with  ether; 


OHIO 


99 


KaidOiMkll^t 


Oe^Ke.t 


riP>P7*g^'«a>s>-^  OIL  SANDS 


Cooemaoirh  ■«^ 


BartoaOo^TB 

AadOTKta  Coal  7  A 
CamUUfUa. 

BraaOcekU. 
BoCalo  SJS. 

Dpur  fVwport  Oo»l  lb.  T 


Lravr 


SJS. 

0<MU«a 


Aliecheny 


Middle  KltUains  Coal  No.  < 
Lowvr  Kittanlnx  Coal  No.  S 
Wmiiilmnm  A  CM.  HOI  L.B. 


Pottarille 


■vvImOmI 


.•noMrtijajBT 


WatMovCwdKObS 
ShMOa  Goal  Ho.  t 


Bkaroa,  Ohu  Oeosl<ML 


MaxfilU.  Oreeabrior  LJL 
/^LocaaSJS. 

Black  Hand  Goagloa. 


yfmwetlY      -^ 


CBr>k<C>l 


MitcbeU 


First  Cow  Rim 
Buel  Run 

Mahoning 


'■'■'•■  ■■■■■■  :-::i:<i 


Maxbuix-SOB 

Maxburg-TOO— 
QcrmaBtova  SaaC 

Nfaxburs-WO— 
Id  CowBn 


Salt  Sand 


Sqowf 


8A 

V  Badfardgfcal— 


Oeyooiaiw 


OUsShalw 


Fto.  54. — Generalized  Section  of  Southeastern  Ohio,  Showing  Carboniferous  Oil 

Sands. 
Vertical  scale  i  inch  «30o  feet. 
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the  hydrocarbons,  if  present,  will  be  in  solution,  which  upon 
evaporation  will  show  an  oil  ring  as  a  residue.  Dark  and  black 
color  will  indicate  an  oil  containing  asphalt  for  a  base  and  a  light 
color  indicates  paraffin. 

Do  not  be  misled  by  floating  of  iron  stain  upon  water.  To 
the  casual  observer  it  is  similar  to  a  film  of  oil,  but  it  is  only 
iridescent  films  of  iron  hydroxide.  The  two  may  be  distinguished 
simply  by  disturbing  the  film,  and  if  it  is  iron  stain  it  will  break 


West 


East 


Vertical  Scale  I  =2003 
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"Big  Injun"  and  Waverly  shales In  surface  outcrops 

Berea  Sandstone 20  to    80  ft.  thick 

Bedford  (Carboniferous)  and  Ohio  (Devonian) 7So  to  900  ft.  thick 

"  Big  Lime"  (Corniferous  and  Niagara) S7o  to  67S  ft.  thick 

Interval  "Big  Lime"  to  "Clinton" : 17s  to  210  ft. 

Interval  "Clinton"  to  Trenton i.3So  ft.  (estimated) 

Fig.  55.— Generalized  Section  of  Central  Ohio.     (L.  S.  Panyity  in  Transactions 
of  the  Am.  Inst,  of  Mining  Engineers.     Vol.  LVII,  p.  984.) 

into  irregular  pieces,  but  in  case  of  oil  it  will  make  round  patches 
and  will  easily  "run-together"  again.  Many  useless  oil  excite- 
ments have  been  caused  by  the  finding  of  such  an  "oil"  seep. 

Depth  and  Thickness  of  Strata.  In  a  country  where  the  dips 
are  moderate,  the  outcrop  of  a  thick  stratum  cutting  a  hori- 
zontal plane  will  give  a  rather  exaggerated  idea  of  the  thickness 
of  that  formation.  (Fig.  53.)  In  order  that  the  true  thickness 
may  be  known,  it  is  to  be  calculated  by  means  of  trigonometrical 
formulae.    This  may  be  done  by  considering  the  distance  of  the 
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represented  in  lirUtow  well  records 
(Approximately  sso/tet  below  Tig*r 
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Flo.  57.— Composite  Skeleton  Stratigraphic  Section  of  the  Glenn  Pool  Region. 
Oklahoma.     (U.  S.  G.  S.  Bulletin  661-B.) 
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Fig.  s8.— Sketch  Map  of  Gushing  (Okla.)  Field,  showing  generalized  structure  of 
La>'ton  Sand  and  location  of  principal  structural  features.  Contour  interx-al 
is  ICO  ft.  Also,  composite  columnar  section  showing  relative  vertical  posi- 
tions of  productive  oil  sands  in  the  Gushing  &eld  and  some  of  the  better  known 
formations  in  Kansas  and  Oklahoma.  (G.  H.  Beal,  in  Bulletin  138  ot  the  Am. 
Inst  of  Mining  Engineers.) 
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outcrop  along  the  horizontal  plane  as  the  hypothenuse  of  a 
right-angled  triangle,  the  angle  of  dip  being  known,  it  is  a  simple 
matter  to  figure  the  thickness  of  that  stratum.  Similarly,  when 
the  distance  below  the  ground  a  stratum  may  be  expected,  it 
is  to  be  figured  by  trigonometry,  the  dip  being  known  as  well 
as  the  distance  along  the  surface  from  the  outcrop.     In  order 


West 
Premian 

Pennsylvanian 

Ea«t 

AlbikDjr-Wtchlta 

I_^Ci»co     1     ConyoD  !                                              Str»wn 

^^^^^^^^^^^^S 

^g^  ;.iV -.,  -  -  ^^—  -^-iCj_  _^  -^g^lii  1 ,.  "rL-  ■  6 

^^^^'''\^'T^'^''^^^^^'^^'^^^f''^^^ 

Bend  Series^ 

^^^^-^-^-^ 

Mesozoic 

Cretaceous 

Comanche  beds 

Sandstone,   shales, 
limestones 

Thickness, 
teet 

200-509 

Permian 

Albany^ 
Wichita 

Principally  lime- 
stones, shales 

1200 

Carboniferous 

Pennsylvanian 

Cisco 

Canyon 

Strawn 

Limestones,  shales 
Shales,  limestones 
Principally   shales, 
sandstones 

900 

600-800 

2500-4000 

Mississippian 

Bend  series, 
800-1000  ft. 

Smithwick  shale 
Marble     Falls    lime- 
stone 
Lower  Bend  shale 

400 
450 

50 

Fig.  59. — Stratigraphy  of  North  Central  Texas.     (Dorsey  Hager   in   Bulletin 
138,  Am.  Inst,  of  Mining  Engineers.) 

that  the  unevenness  of  the  surface  may  be  accounted  for  the 
elevation  of  the  outcrop  as  well  as  the  elevation  of  the  point 
where  the  depth  of  the  strata  is  wanted  should  be  known.  A 
simple  method  of  using  alignment  diagrams  is  given  by  Mr. 
Harold  S.  Palmer,  in  the  U.  S.  G.  S.  Professional  Paper  No. 
120-G,  by  means  of  which  the  depth  of  the  stratum,  the  thick- 
ness of  the  stratum,  as  well  as  its  projected  dip  may  be  determined 
by  the  application  of  these  diagrams. 
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Fic  60.— Columnar  Section  in  Lander  OO  Fidd,  Wyoming.    (U.  S.  G.  S.  Bui- 

letin  452.) 
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FiO.  6i. — Columnar  Section  of  Sedimentary  Formations  in  the  Northern  Black 
Hills  Region,  Showing  Water-bearing  Beds.  (U.  S.  G.  S.  Professional  Papers 
No.  6s.) 
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Fig.  62. — Generalized  Columnar  Section  of  the  Sedimentary  R(x:ks  of  the  Coalinga 
District.    Oil  zones  shown  in  solid  black.     (U.  S.  G.  S.  BuUetin  398.) 
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CHAPTER  X 
FOSSILS 

Fossils  are  essentially  the  remains  of  animals  and  plants, 
that  existed  during  the  various  geologic  ages,  and  are  found 
to-day  buried  in  the  sediments.  In  this  connection  we  may  add, 
that  in  a  strict  sense,  almost  anything  found  in  any  state  of 
preservation  in  the  rocks,  may  be  considered  as  fossils;  thus 
footprints  of  animals,  tracks  of  worms  and  moUusks,  as  well  as 
burrows  of  various  creatures,  if  properly  preserved  are  con- 
sidered as  fossils. 

From  the  beginning,  animals  and  plants  have  been  under- 
going a  great  change,  from  a  lower  to  a  higher  order,  increasing 
and  improving  in  their  structure  and  form.  It  is  known  that 
animalsand  plants  as  a  species  live  for  a  limited  time,  then  become 
extinct,  and  new  species  are  formed,  so  it  is  established  that 
certain  groups  did  not  extend  beyond  a  certain  geologic  time; 
thus  it  becomes  possible  to  use  these  remains  of  organism  that 
we  find  embedded  in  the  rocks  and  study  the  life  that  existed 
during  the  time  of  the  formation  of  the  stratum.  As  certain 
characteristic  remains  may  be  found  in  the  various  strata,  they 
are  used  as  "index  fossils,"  as  they  indicate  the  life  of  a  certain 
geologic  period.  By  use  of  these  fossils  the  geologist  is  enabled 
to  correlate  widely  separated  rocks,  and  prove  that  they  are  of 
the  same  age,  and  in  many  cases  it  is  confirmed  that  they  are  por- 
tions of  the  same  stratum. 

The  hard  or  bony  parts  of  animals  and  plants  are  preserved 
as  fossils,  therefore,  the  very  earliest  of  living  creatures  that  had 
no  hard  parts  are  not  well  known  to  us  as  fossils,  and  the  first 
class  of  organism  with  which  we  become  acquainted  in  the 
Cambrian  (the  Trilobites)  are  considerably  advanced  in  structure 
and  form. 
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In  Paleontology  two  separate  groups  are  distinguished,  first 
the  plant  group  (flora)  and  secondly  the  animal  group  (fauna),  and 
each  are  in  turn  divided  in  smaller  groups  known  as  divisions  or 
phyla.  Each  division  and  phylum  is  composed  of  animals  or 
plants  which  are  genetically  connected. 
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Table  II. — Range  of  several  families  of  trilobites,  which  may  be  further  sub- 
divided into  genera  and  species  to  show  the  range  of  smaller  interval  of  time, 
for  which  they  may  be  indices. 
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Div.     I.  Thallophyta 

1.  Algae 

2.  Fungi 
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Div.    n,  Bryophyta 
"""^  I.  Moss 

Div.  in.  Pteridophyta 

1.  Cryptogams 

2.  Equisatelas 

Calamites  (Carboniferous) 
Lepidodendron  (Low.  Dev.  to  Permian) 

Div.  IV.  Spermatophyta 

1.  G>TnnospermaB 

2.  Angiospermae 
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Phylum 
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,  Protozoa 

A.  Sarcodina 

1.  Rhizopoda  (Foraminifera) 

Glohigerina 
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2.  Actinopoda  (Radiolaria) 

B.  Mastigophora 

C.  Sporozoa 
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A.  Calcispongiae 
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COELEXTERATA 

A.  Hydrozoa 

Phyllograptus 
Monograptus 

B.  Scyphozoa  (Jelly  fish) 
C  Anthozoa 
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Halysites 

Phylum 

IV. 

Platyhelminthes  (Flat  worms) 

Phylum 

V. 

Nemathelmixthes  (Thread  worms) 
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Phylum     VI.  Trochelminthes  (Wheel  worms) 
Phylum    VII.  Annulata  (Ring  worms) 

Phylum  VIII.  Echinodermata 

A.  Cystoidea 

Caryocrinus 
Agelacrinus 

B.  Blastoidea 

Penlremites 

C.  Crinoidea 

Pentacrinus 

D.  Asteroidea 

Paleaster 

E.  Ophiuroidea 

F.  Echinoidea 
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Phylum     IX.  Molluscoidea 
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Phylum      X.  Mollusca 
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Exogyra 
Pcclen 
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-  -  Cr  Gastropoda 
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Sub-phylum     I.  Adelochorda 
Sub-phylum    II.  Urochorda 
Sub-phylum  III.  Vertebrata 

1.  Acrania 

2.  Crania  ta 
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Table  III 
GEOLOGICAL   RANGE   OF    FOSSILS 
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Table  III — Continued 
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A.  Cyclostomata 

B.  Ostracodermi 

C.  Pisces 

D.  Amphibia 

E.  Reptilia 

F.  Aves 

G.  Mammalia 

a.  Monotremata 
h.  Marsupialia 

c.  Insectivora 

d.  Chiroptera 

e.  Carnivora 
/.   Rodentia 
g.  Edentata 
h.  Ungulata 
i.   Sirenia 

j.   Cetacea 
k.  Primates 

DIVISION  I.      THALLOPHYTA 

The  most  ancient  plants,  those  with  simple  structure,  such  as 
slime  molds,  bacteria,  diatoms  and  other  microscopic  one- 
celled  plants,  as  well  as  alga;  or  primitive  sea-weeds  are  in  this 
division.  Sea-weeds  quite  often  assist  in  building  coral-reefs 
by  furnishing  a  large  amount  of  the  Ume  necessary.  In  this 
same  class  are  also  the  fungi,  of  which  toadstool,  mushroom 
mold,  mildew  and  yeast  are  famiUar  examples. 

DIVISION  n.      BRYOPHYTA 

The  plants  of  this  division  are  advanced  over  the  Thallophyta, 
especially  in  their  mode  of  reproduction.  The  mosses  are  the 
typical  plants  of  this  division.  As  the  members  of  the  two  fore- 
going divisions  are  seldom  found  as  fossils  they  are  unimportant 
to  the  geologist. 
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DIVISION  m.     PTERIDOPHYTA 

Although  the  members  of  this  division  bear  no  true  flowers 
and  seeds  (cryptogams),  they  are  much  more  complex  than  the 
aforesaid  plants.  The  best  preserved  fossils  of  this  division  are 
ferns.  Equisatelas  (horse-tail)  plants  with  simple  stems,  have 
been  known  from  the  Devonian  to  the  present,  but  like  most 
plants  they  were  abundant  during  the  Devonian  and  Car- 
boniferous, when  vegetation  was  immense,  and  are  well  pre- 
served in  the  coal  measures,  Lepidodendron  is  the  best  known 
fossU  tree  of  the  Paleozoic, 

DIVISION  IV.    SPERMATOPHYTA 

Highly  organized  seed-producing  plants  are  in  this  division, 
and  have  two  subdivisions,  namely — (i)  Gynmospermae  or 
plants  with  seeds  that  are  unprotected  by  any  covering;  ever- 
greens and  shrubs  being  tjpical  of  this  subdivision,  (2) 
Angiospermae  are  the  plants  of  the  highest  order,  and  all  the 
flowering  plants,  and  most  of  the  present  known  species  of  the 
plant  Ufe  come  under  this  subhead. 

PHYLUM  I,    PROTOZOA 

Protozoa  are  simple  one-celled,  generally  microscopic  animals, 
consisting  mainly  of  protoplasm,  usually  without  hard  parts,  and 
therefore,  without  any  fossil  remains.  Under  the  class  of  Sareo- 
dina  we  have  relatively  large  marine  and  fresh  water  Protozoa, 
some  \dsible  to  the  naked  eye,  and  in  the  subclass  RhizofKxia 
(most  important  in  geolog>)  we  ha\e  creeping  forms  and  some, 
like  Foraminifera  have  a  calcium  carbonate  skeleton  or  test, 
with  one  or  more  chambers.  They  are  mostly  marine  animals 
lixing  in  water  free  from  sediments,  and  in  the  Mississippian 
period,  Foraminifera  became  important  rock  builders,  and  the 
chalk  of  the  upper  Cretaceous,  namely,  the  Niobrara,  Austin 
and  Rotten  limestone  formations  are  composed  of  Foraminifera 
combined  with  members  of  other  phyla  which  are  known  to  be 
shallow  water  forms,  thus  indicating  that  Foraminifera  lived  in 
shallow  water. 
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Foraminifera  are  known  to  have  existed  in  the  Ordovician, 
and  were  abundant  in  many  Pennsylvanian  limestones.  Num- 
mulites  abounded  in  the  Eocene  limestones.  Orbitoides,  which 
formed  the  Vicksburg  limestone,  are  known  from  the  Cretaceous 
to  the  Miocene. 

The  subclass  Actinopoda  contains  animals  that  depend  on 
floating  for  locomotion.  Radiolaria,  the  most  important  mem- 
bers of  this  class,  are  marine  organisms,  and  when  accumulating 
on  sea  bottom,  form  silicious  deposits  known  as  "radiolarian- 


FlG.  64. — Globigerina  biUloides.  Fig.  65. — Nummulina  laevigata. 

(After  Williamson.)  (After  Le  Conte.) 

ooze"  and  became  important  rock  builders  in  the  Tertiary; 
traces  of  them  are  found  in  nearly  all  periods. 

The  other  classes  which  are  Mastigophora,  Sporozoa  and 
Infusoria  are  unimportant  as  fossils. 

PHYLUM   II.      PORIFERA 

The  typical  animals  of  the  Porifera  are  the  sponges,  which 
are  aquatic  animals  generally  fixed  to  some  object  and  found 
mostly  in  the  shallow  parts  of  the  seas;  only  those  having  a 
^ilicious  skeleton  occur  at  great  depth.  Those  having  a  calcareous 
skeleton  are  known  as  Calcispongiae,  while  those  with  a  silicious 
test  are  Silicispongiae. 

PHYLUM   ra.      COELENTERATA 

These  are  mostly  marine  animals  with  a  body  cavity  which  is 
the  digestive  organ.  The  mouth  is  surrounded  by  numerous 
tentacles.  In  the  Hydrozoa  subdivision  are  the  p>olyps  and 
medusae,  with  an  important  order  of  Graptolites,  which  are  well 
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developed  in  the  upper  Cambrian,  Ordovician  and  Silurian; 
only  a  few  are  known  in  the  Mississippian.  The  class  of  Scy- 
phozoa,  in  which  are  the  jelly-fish  composed  mostly  of  water 
and  have  no  hard  parts,  therefore,  poorly  preserved  as  fossils. 
The  third  class  are  the  Anthozoa,  or  corals,  which  are  found 
mostly  in  shallow  seas,  and  at  present  may  be  found  along  the 
Atlantic,  but  not  in  the  colder  waters  of  the  North. 

PHTLA  IV,  V,  VI,  Vn 

In  these  phyla  the  fossils  are  poorly  preserved  and  are  unim- 
portant in  a  geological  sense. 

PHYLUM   Vm.      ECHINODERMATA 

Echinodermata   are   marine   animals   having   a   calcareous 
skeleton  or  plates  generally  arranged  in  fives  (pentamerous),  and 


FlC.  66. — Phyllograptus  typus. 
(After  HaU.) 


Fig.  67. — Monograptus  priodon. 
(After  Nicholson.) 


may  be  distinguished  from  the  Coelenterata  as  they  have  a 
digestive  tube  separate  from  the  body  cavity,  and  more  highly 
develc^)ed  nervous  system.    The  various  important  classes  are 
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Fig.  68. — Columnaria  alveolata: 
a,  vertical;  b,  cross-section. 
(After  HaU.) 


Fig.  69. — HalysUes  catcnulata. 
(After  HaU.) 


FlO.  70. — Favoiiles  hemispherica. 
(After  Le  Conte.) 
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(A)  Cystoidea  or  Cystoids,  (B)  Blastoidea  or  Sea-Buds,  abun- 
dant in  the  Devonian  and  entirely  extinct  at  the  end  of  the  Car- 
boniferous;   (C)   Crinoidea  or  Sea-Lilies;    (D)   Asteroidea  of 


Fta.  71. — Caryocrinus  omatus. 
(After  Le  Conte.) 


FiG.  72. — Agdacrinites  Cincinnaiiensis. 
(After  Newberry.) 


Fig.  Ti.—PaitremUes  pyriformis.        Fig.  74. — Pentacrinus  Caput-Medusa, 
(After  Newberry.)  (After  Le  Conte.) 


Star-Fish;  (E)  Ophiuroidea  or  Brittle-Stars  and  Serpent  Stars; 
(F)  Echinoidea  or  Sea-Urchins;  (G)  Holothuridoidea  or  Sea- 
Cucumbers. 
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PHYLUM  IX.      MOLLUSCOroEA 

These  are  usually  marine  animals  having  their  soft  parts  and 
well-developed  digestive  canal  enclosed  in  a  calcareous,  horny  or 
membranous  covering. 

The  hard  outer  covering  of  the  Bryozoa  are  the  only  parts 
found   as   fossils.     Phoronida   are   wormlike   marine   animals 


Fig.  75. — Paleaster  Jamesii.    (After  Newberry.) 

unknown  in  the  fossil  state.  Brachiopods  are  found  living  in 
shallow  water,  having  calcareous  shells  or  valves  with  concentric 
lines  of  growth.  Brachiopods  may  be  distinguished  from  the 
Pelecypods  (of  the  next  phylum)  as  they  are  equilateral,  while 
Pelecypods  are  inequilateral;  in  Brachiopods  the  two  valves 
are  never  alike  while  in  Pelecypods  they  are  nearly  or  exactly 
alike.  Brachiopods  are  about  §  to  i^  inches  in  size,  although 
a  few  are  much  larger,  and  Productus  giganleas  of  the  Mississippian 
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sometimes  reach  one  foot  in  size.  Inarticulata  of  the  Lingula 
subgroup  are  evidence  of  shallow  water  conditions  as  the 
shallow  water  forms  are  the  most  prolific  in  the  fossil  state. 

PHYLUM   X.      MOLLUSCA 

Mollusks  are  covered,  shell  animals  able  to  swim,  crawl  and 
burrow;   the  various  classes  that  are  distinguished  are  the  (A) 


fPiG.  76.— Fen^fUa  Hegans. 
(After  HaU.) 


Pig.  77. — Arckinudes  Wortkeid, 
(After  HaU.) 


Amphineura,  which  are  marine  animals  with  a  wide  range  of 
depth.  (B)  Pelecypoda  or  clam  group,  sometimes  classified  as 
Lamellibranchs.  (C)  Gastropoda,  the  familiar  snails  are  examples 
of  this  class.  They  have  a  rather  large  calcareous  shell,  with  six 
whirls  or  coils  at  the  posterior  end  and  prolonged  into  a  half 
cylindrical  canal  at  the  anterior  end.    The  gastropods  have  a 
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FIg.  79. — Strophomena  rhomboidalis. 
(After  Le  Conte.) 


Fig.  78. — Lingula  anatina,  show- 
ing muscular  peduncle  by 
which  the  shell  is  attached. 
(After  Le  Conte.) 


Fig.  80. — Lcptana  sericea. 
(After  Newberry.) 


Dorsal  view. 


Fig.  81. — Productus  punctalus. 
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distinct  head  as  well  as  tentacles  and  eyes.  (D)  Scaphopoda 
have  a  calcareous  shell,  curved  and  tap>ering,  the  larger  end 
being  anterior,  which  has  the  head  and  feet  but  no  eyes.    They 


Fig.  82.—Orthis  {Platyslrophia)  biforala.    (After  Newberry.) 

Dorsal,  anterior  and  ventral  views. 


Fig.  83. — Spirifier  cameralus. 
Ventral  and  dorsal  views. 


are  usually  found  at  great  depth  in  the  seas.  (E)  Cephalopoda. 
One  order  of  this  branch,  the  Tetrabranchiata  (four  gills)  have 
an  external  shell  of  many  chambers  but  only  the  last  one  being 
inhabited ;  the  second  order  is  the  Dibranchiata  (two  gills)  have 


126 


FOSSILS 


an  internal  shell  or  it  may  be  entirely  wanting.  The  head  bearing 
eight  or  ten  arms  encircling  the  mouth.  Cephalopods  were  the 
strongest  competitors  of  the  Vertebrates,  and  were  known  in 
the  Cambrian  with  maximum  development  in  the  Silurian, 


Fig.  84. — Oslrea  Idruensis. 
(After  Gabb.) 


Fig.  85. — Inoceramus  dimidius. 
(After  Meek.) 


Fig.  86. — Exogyra  Texana. 
(After  White.) 


Fig.  87. — Pcclen  (Plagioclaiium)  deserti 
Conrad.    (U.  S.  G.  S.  Bui.  398.) 


decUning  towards  the  Triassic.  The  Ammonites  of  the  order 
Tetrabranchiata  are  usually  coiled  in  closely,  in  a  flat  spiral  and 
are  important  "index-fossils"  of  the  Mesozoic.  The  Belemnites. 
of  the  order  Dibranchiata  are  also  important  as  index  of  the 
Jurassic  and  Cretaceous. 
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„_     '  THYLUM   XI.      ARTHROPOD  A 

Transversely  segmented  animals  with  a  hard  shell  of  external 
covering  (chitin)  and  the  various  subdivisions  include  the  (A) 
Crustacea,  such  as  cray-fish,  which  are  aquatic,  carnivorous 
animals.    The  Trilobites  are  a  subclass  of  the  Crustacea  and 


Fin.  9&.—BdUroplum  Nruibenyi.    (After  Meek.) 


Fig.  89. — Turriidla  uvasana  Conrad 
(U.  S.  G.  S.  Bui.  398.) 


Fig.  go.—TetUaculUes. 


Other  similar  sub-divisions  of  it  are  the  Phyllopoda  which  are 
small,  elongate,  fresh-water  animals.  The  Ostracoda  are  minute 
brackish,  fresh-water,  as  well  as  marine  creeping  animals.  The 
Copepoda  are  unknown  as  fossils.  Cirripedia  or  Barnacles  are 
degenerate  form  of  Arthropoda,  either  fixed  or  f)arasitic  marine 
forms.  Malacostraca  consist  of  thorax  divided  into  eight,  and 
the  abdomen  into  seven  segments.    It  will  be  noticeable  that 
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the  Trilobites  are  strictly  Paleozoic  forms,  becoming  extinct  at 
the  end  of  the  Permian. 

Subdivision  (B)  Onychophora  have  no  fossil  representatives. 
(C)  Myriopoda  have  a  worm-like  body  with  many  similar 
segments  bearing  legs  (Centipedes).     (D)  Arachnid  a,  of  which 


Fig.  91. — Orthoceras  Duseri.     (After  Hall.) 

the  Spider  is  a  typical  example,  have  several  orders  of  which 
Eurypterida  is  the  most  important.  (E)  Insecta.  Insects,  bugs, 
flies,  etc.,  are  classified  under  this  heading. 

PHYLUM   XIL      CHORDATA 

Life  has  reached  the  highest  form  in  this  phylum,  the  maiD 
advance  being  in  the  development  of  a  second  body-cavity  in 
which  the  nervous  system  is  arranged,  known  as  the  spinal  cord. 


Fig.  92. — Pearly  Nautilus 
{Nautilus  pompilius.) 


C^G.  93. — ScaphUcs  aequalis. 
(After  Pictet.) 


The  members  of  this  phylum  are  known  as  Vertebrates  to  dis- 
tinguish from  the  members  of  other  phyla,  which  are  referred 
to  as  Invertebrates. 

The  first  sub-phylum  Adelochorda  have  no  fossil  representa- 
tives. Urochorda  are  a  degenerate  form  of  Chordata,  also 
unknown  in  the  fossil  state.    The  third  sub-phylum  is  the  main 
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group  and  are  divided  into  several  sub-divisions,  the  two  main 
subdivisions  being  first,  the  Acrania,  or  animals  whose  true  head 
is  absent,  brains  but  slightly  developed  and  no  heart  present. 
No  fossil  remains  of  this  division  are  known.  The  second  or 
Craniata  is  composed  of  animals  having  a  true  head  (skull) 


Fig.  g4-—B<uuliUs  chicoensisTrask.    (Gabb,  U.  S.  G.  S.  Bui.  398.) 

highly  developed  brains,  pair  of  complex  eyes  and  heart  and 
blood  with  red  corpuscles. 

The  Craniata  are  the  most  important  of  the  Vertebrates  and 
its  subdivisions  are  as  follows: 

{A)  Cyclostomata  is  com|X)sed  of  degenerate  eel-like  fishes. 

(B)  Ostracodermi,  are  animals  having  a  large  shield  or  armor 
compKJsed  of  several  pieces  completely  enclosing  the  head. 

(C)  Pisces  or  fishes. 

{D)  Amphibia.     They  differ  from  fishes  "in  having  paired 


Fig.  95. — BeUmniles  impressus.     (Aft'er  Gabb.) 

five-toed  limbs  instead  of  fins;  scaly  or  bony  covering.  The 
order  Stegocephalia  are  extinct  tailed  amphibia  often  of  great 
size,  living  mostly  in  fresh  water  and  some  may  have  been 
terrestial.  Urodela  fossil  remains  are  rare;  they  include  the 
lizards.  Anura  are  the  frogs  and  toads.  The  Gymnophiona 
are  snake-like  without  limbs;  fossils  are  rare. 

(E)  Reptilia  are  cold-blooded  vertebrates  with  two  pairs  of 
limbs  with  five  toes;  also  having  a  horny  or  scaly  skeleton. 
Some  large  specimens  of  this  class  are  extinct  and  among  the 
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Fig.  96. — Olenellus. 


Fig.  97. — Paradoxides. 


Fig.  98. — Dikdlocephalus. 


Fig.  99. — Agnostus  interstrictus. 
(Le  Conte.) 


Fig.  100.— Asaphus  (Isotelus)  gigas. 
(After  HaU.) 
Also  side  view. 


Fig.  ioi. — THnucleus  Pongerardi, 
(Le  Conte.) 
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aquatic  forms  Ichthyosaurs  are  well-known  examples.  Of  the 
land  reptiles  Dinosaurs  (Triassic  to  Cretaceous)  were  a  familiar 
type.  The  Pterosauria  (Flying  reptiles)  appeared  in  the  Jurassic 
and  became  extinct  in  the  Cretaceous,  Pterodactylus  well-known 
fossil  representative  of  this  group.  The  crocodila  reptiles  are 
at  present  represented  by  the  crocodiles  and  alligators,  there  are, 
however,  several  other  extinct  members  of  this  branch.  The 
order  Chelonia  includes  reptiles  having  a  horny  or  hard  bony 


Fig.  I02. — Illaenus  insignis.    (Newberry.) 

covering  completely  enveloping  the  body  as  in  turtles.  The  order 
Squamata  includes  reptiles  with  an  external  protection  of  horny 
scales,  and  snakes  are  the  most  common  example  of  this  order. 

(F)  Aves  (Birds).  Although  Mesozoic  birds  had  functional 
teeth,  since  the  Tertiary  no  teeth  are  present.  The  oldest  known 
bird  is  Archeopteryx  of  the  upper  Jurassic.  The  remains  of  birds 
are  rarely  found  as  fossils  and  of  ArcJieopteryx  only  very  few  good 
specimens  have  been  found. 

(G)  Mammalia  (Manmaals).    These  are  air-breathing,  warm- 
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blooded  vertebrates  usually  with  an  external  covering  of  hair. 
For  general  discussion  they  are  divided  as  follows: 

(a).  Monotremata,  of  which  only  two  remaining  members 


Fio.  103. — Calymcnc  Blumenbachii. 

(Le  Conte.) 

'a)  Same  folded. 


Fig.  104. — Lichas  Bolloni. 
(After  Hall.) 


Fio.  105. — Homalonolus  ddpkino- 
cephalus  Green,  (.\lter  New- 
berry.) 


are  known,  which  are  Ornithorhynchus  (Duck  Bill)  and  Echidna 

(Spiny  Anteater).     The  young  are  produced  as  eggs  and  are 

carried  in  a  ventral  pouch,  where  they  are  hatched  and  nourished. 

(b).  Marsupialia  produce  their  young  alive,  but  are  carried 
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in  a  pouch  until  they  are  able  to  take  care  of  themselves;  exam- 
ple are  the  opossum  and  kangaroos. 

(c).  Insectivora  are  insect  or  worm  eaters. 

(d).  Chiroptera  have  the  fore  limbs  modified  to  form  wings. 

(e).  Carnivora  are  flesh  eating  mammals  with  teeth  having 
sharp  cutting  edges. 

(/).  Rodentia  are  fur  covered,  plant-eating  animals. 

(£).  Edentata  are  degenerate  forms  with  imperfect  teeth. 

(h).  Ungulata  or  hoofed  mammals,  with  none  or  small  canine 
teeth,  with  large  premolars  and  molars,  flat  footed  animals,  such  as 
elephants  and  similar  extinct  mammals,  as  well  as  cattle,  sheep,  etc. 


Fig.  lod.—Phacops.  *  Fig.  107.— Phillipsia  Lodiensis. 

(Le  Conte.)  (After  Meek.) 

{%).  Sirena  or  sea  cows  (dugong). 

(J).  Cetacea  are  the  whales. 

{k).  Primates,  are  walking  mammals,  with  thumb  and  digits 
having  flat  nails,  eye  surrounded  with  bony  ring.  Lemuroidea 
are  the  lemurs,  which  are  the  only  living  survivals  or  a  group 
of  extinct  similar  mammals.  Anthropoidea,  which  have  several 
distinct  classifications  amongst  which  are  the  apes,  monkeys 
as  well  as  similar  extinct  forms.  The  final  classification  being 
the  various  extinct  as  well  as  living  family  of  Hominidae,  or  man, 
with  modern  man  (Homo  sapiens)  at  the  top  of  the  scale. 

The  length  at  which  this  subject  is  treated  here  does  not 
permit  a  thorough  understanding  of  paleontology  and  is  simply 
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a  short  resume  of  the  various  facts  as  treated  in  volumes  pre- 
pared for  the  study  of  paleontology.  The  facts  given  are  in  part 
from  Shimer's  "  Introduction  to  the  Study  of  Fossils,"  in  which 
these  principles  are  taken  up  in  greater  detail.    The  list  of  fossils 


Fig.  io8. — Eurypterus  remipes.    (After  H.  Woodward.) 

m 


Fig.  109. — Cala- 
mites. 


Fig.  iio. — Lepidodcndron  modulaium. 
(.\fter  Lesqucreux.) 


is  by  no  means  a  complete  one,  but  merely  a  list  of  some  of  the 
best-known  representatives.  The  geologist  should  be  equipped 
with  a  reference  volume  by  means  of  which  he  may  identify  any 
fossils  unknown  to  him.  For  this  purpose  Grabau  &  Shimer's 
"Index  Fossils"  will  be  of  great  value. 


CHAPTER  XI 
SCOUTING 

Oil  and  gas  companies  operating  in  any  territory  are  kept 
informed  of  the  field  developments  by  their  scouting  department. 
It  is  the  duty  of  this  department  to  keep  in  touch  with  the  field 
operations  of  other  companies  from  day  to  day  and  report  same  so 
that  the  maps  may  be  kept  up  to  date  and  the  information 
properly  filed. 

Scouting  may  be  divided  into  two  classes,  the  first  comprised 
of  territories  previously  drilled  or  abandoned,  and  secondly,  the 
scouting  of  territory  where  development  work  is  being  carried 
on.  In  both  cases  it  is  carried  on  in  conjunction  with  the  geo- 
logical work. 

When  an  attempt  is  made  to  operate  in  a  field  that  has  several 
unsuccessful  or  small  wells,  or  in  a  territory  that  is  an  old  one 
but  new  to  the  producer,  a  scout  is  assigned  to  gather  the  infor- 
mation on  that  field.  Equipped  with  the  necessary  maps  the 
first  step  is  to  find  all  drilling,  pumping  and  abandoned  wells 
as  well  as  dr>'  holes  and  locate  them  properly  on  the  farm  map. 

The  various  facts  about  the  wells  are  to  be  ascertained  and 
the  following  points  should  be  investigated:  The  name  of  the 
parties  operating  as  well,  as  the  name  of  the  contractor  is  an 
important  point,  as  these  people  may  be  interviewed  and  give 
valuable  information  and  data  on  the  well  and  perhaps  furnish 
a  record  of  the  well.  The  time  the  well  was  drilled  and  the  pre- 
vailing price  of  oil  at  the  time  is  of  value,  as  it  may  be  found  that 
owing  to  a  possible  low  price  of  oil  the  wells  were  not  at  the  time 
commercial  propositions  but  at  a  higher  price  for  the  oil  the  same 
wells  might  have  been  of  value. 

Information  regarding  the  following  points  may  lead 'to  a 
due  as  to  the  wells'  probable  value:    If  the  well  was  pumped, 
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how  long  and  why  was  it  abandoned,  was  the  well  shot  and  with 
how  many  quarts  of  nitro-glycerin?  The  size  of  the  shot  may 
indicate  the  thickness  of  the  sand,  as  it  is  customary  to  place 
the  shell  containing  the  glycerin  right  against  the  sand,  and  the 
length  of  the  shell  will  be  determined  by  the  thickness  of  the 
sand.  In  this  connection  the  size  of  the  hole  at  the  sand  must  be 
known.    A  shooting  table  will  show  the  length  in  feet  a  certain 
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number  of  quarts  of  nitro-glycerin  will  occupy  in  a  shell  of  a 
certain  diameter. 

If  a  well  was  shot  it  may  indicate  that  the  drillers  thought 
well  enough  of  the  showing  of  oil  or  gas  in  the  sand  to  shoot  it. 
Whether  the  sand  contained  water  or  not  should  also  be  deter- 
mined. 

If  the  op)erators  or  drillers  cannot  be  located  or  they  would 
not  give  out  the  required  data,  the  land  owners  in  the  vicinity 
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of  the  weUs  may  be  able  to  give  some  information.  Such  infor- 
mation must  be  carefully  analyzed,  as  it  may  prove  to  be  a  biased 
opinion.  Land  owners  are  as  a  rule  optimistic  about  the  oil  and 
gas  possibilities  in  their  neighborhood  and  thus  may  be  giving 
only  their  point  of  view.  Small  and  commercially  unimportant 
showings  may  look  large  to  the  non-oil  man.  In  case  of  gas 
propositions  the  general  information  obtained  from  such  sources 
gives  the  pressure  of  t|ie  gas  and  seldom  its  volume.  A  clear 
distinction  must  be  had  between  gas  pressure  and  volume. 

Large  gas  wells  are  seldom  shot,  so  if  a  well  was  torpedoed  to 
increase  the  volume  of  gas,  its  original  size  must  have  been  small. 
It  may  be  learned  whether  when  drilling  into  the  sand  the  gas 
volume  was  large  enough  to  prevent  drilling  the  hole  wet,  and 
in  the  case  of  fair-sized  gas  wells,  water  cannot  be  f>oured  down 
the  hole  to  assist  in  the  drilling,  but  it  must  be  lowered  in  the 
bailer  or  no  water  used  at  all. 

The  second  class  of  scouting  may  be  referred  to  as  routine 
work.  In  the  Western  States  this  department  is  on  a  compara- 
tively high  scale.  The  entire  territory  in  which  the  operators 
are  interested  is  divided  into  several  districts  with  a  scout  in 
charge  of  each.  It  is  his  duty  to  keep  the  company  informed  as  to 
the  new  locations  that  are  being  made  by  others,  the  rigs  built, 
drilling  wells,  the  depth  at  which  they  are  drilling,  the  time  the 
well  is  exj)ected  to  be  completed.  The  scout  should  be  present 
when  the  wells  are  drilled  into  the  sand  or  if  his  duties  require 
his  presence  elsewhere  he  is  to  notify  his  firm  so  that  someone 
else  may  be  sent  out  to  watch  the  well.  The  scout  must  also  be 
on  the  lookout  for  any  leasing  that  may  be  going  on,  also  to 
keep  in  touch  with  the  production  of  the  various  wells  or  leases. 
Scouting  reports  are  generally  made  each  week. 

From  the  foregoing  it  will  be  noted  that  a  scout  must  be  a 
good  oil  man  himself,  so  that  he  may  be  able  to  pass  judgment 
on  his  findings,  must  be  familiar  with  the  sands  and  make  a 
good  interpretation  of  the  showings  of  oil  or  gas  in  them  and 
also  be  able  to  understand  and  verify  any  statements  that  are 
heard. 

Access  should*  be  had  to  gauging  instruments,  as  the  oppor- 
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tunity  to  gauge  a  tank  or  determine  the  size  of  a  gas  well  may 
present  itself  at  any  time,  therefore  he  must  become  familiar 
with  the  methods  of  gauging. 

The  scout  must  be  familiar  with  maps  and  have  a  general 
idea  of  surveying  and  needless  to  say  understanding  of  geology 
is  important. 


,  CHAPTER  Xn 

METHODS   OF  LOCATING  WELLS 

After  the  examination  of  the  geological  conditions  in  the 
field,  coupled  with  all  available  data,  we  may,  by  a  systematic 
study,  make  the  location  for  a  prospect  or  an  off-set  well  intelli- 
gently. In  a  "wild-cat"  territory  the  initial  test  should  be  made 
on  the  highest  point  of  the  best  structure  found,  preferably  a 
dome  or  level  top  anticline.  The  horizon  sought  for  is  determined 
by  the  examination  of  the  columnar  section  made  from  observing 
the  various  outcrops  and  studying  their  suitability  as  oil  and 
gas  reservoirs.  Alternating  shales  and  sandstones  are  considered 
as  an  ideal  section,  especially  if  the  shales  predominate.  Any 
information  as  to  the  convergence  of  the  strata  should  be  allowed 
for,  as  well  as  for  the  shifting  of  the  anticlinal  axis  of  the  pro- 
ducing horizon  to  one  side  of  the  axis  of  the  surface  structure, 
caused  by  the  asymmetry  of  the  anticline.  It  will  be  noticed 
that  where  the  angles  of  dip  on  each  side  of  the  axis  are  different, 
there  will  be  a  shifting  of  the  axis  of  all  underlying  strata  and  in 
the  direction  of  the  lesser  dip.  (Fig.  i6.)  The  distance  of  the 
shift  or  heave  may  be  determined  if  the  approximate  depth  of 
the  sand  is  known  by  plotting  the  structure  to  scale,  both  the 
surface  and  the  sub-surface  structures,  and  the  distance  may 
thus  be  scaled  off.  Otherwise  trigonometric  factors  have  to  be 
employed. 

If  the  initial  well  proves  to  be  a  successful  oil  well,  the  next 
location,  to  be  placed  in  a  favorable  direction,  should  be  along 
the  strike  of  the  rocks,  so  that  the  sand  may  be  found  at  a  cor- 
respondingly same  level  as  in  the  original  well.  Should  the 
initial  well  prove  to  be  a  gas  well,  and  the  object  of  the  search 
being  oil,  the  location  should  be  down  the  dip  from  the  gas 
well. 
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The  general  trend  of  an  oil  pool  is  to  be  expected  in  the  direc- 
tion of  the  strike  of  the  rocks,  which  will  be  changed  only  by 
lensing,  and  under  such  conditions  the  direction  may  be  varied; 
such  pools  are  known  as  streak  pools.  The  direction  of  the  major 
or  long  axes  of  other  pools  in  the  vicinity  may  throw  some  light 
on  the  possible  trend,  as  the  conditions  of  neighboring  pools  may 
be  similar.  It  is  advisable  to  know  whether  a  pool  is  found  in  a 
well  known  sand,  or  in  a  patch  of  sand  that  has  been  struck 
unexpectedly.  Such  sands  are  knovrn  as  stray  sands,  and  may 
prove  tc  be  of  small  extent,  and  may  give  rise  to  narrow  pools, 
which  are  generally  referred  to  as  "sucker-rod"  pools.  Although 
this  cannot  be  laid  down  as  an  iron  clad  rule,  still  stray  sands 
need  careful  watching  and  their  characteristics  noted. 

In  a  new  territory  where  no  chance  is  offered  for  the  study 
of  neighboring  pools,  the  probable  direction  of  the  pools  may  be 
in  the  direction  parallel  to  the  inferred  shore-line,  at  the  time 
of  the  deposition  of  the  "sand";  as  the  coarser  particles  were 
deposited  near  and  parallel  to  the  shore-line.  Only  by  a  geo- 
logical study  can  the  direction  of  such  a  shore  line  be  determined; 
and  its  direction  may  be  expected  at  right  angles  to  the  deepest 
water,  which  would  be  indicated  by  the  thickening  of  the  strata, 
changing  from  coarser  to  finer  sediments  and  to  limestones, 
which  will  be  increasing  in  purity  towards  deeper  water.* 

The  general  persistence  and  pressure  after  a  field  has  been 
developed  for  some  length  of  time  is  claimed  to  indicate  the 
presence  of  oil  or  gas  in  near-by  untested  territory.  This  condi- 
tion is  indicated  by  the  oil  man's  statement  "that  the  well  is 
being  fed  from  some  place  the  way  the  pressure  stays  up." 

Analysis  of  the  gases  as  well  as  the  water  encountered  in 
drilling  are  of  importance.  Dry  gas  generally  indicates  that  it  is 
far  removed  from  the  oil,  or  in  some  cases  (in  shallow  sands) 
that  no  oil  is  present  in  the  reservoir.  The  presence  of  gas 
without  oil  in  a  thick  water-bearing  formation  greatly  lessens 
the  chances  of  oil  being  found  in  that  formation;  this  will  hold 
good  if  the  structure  is  lower  than  the  water  table  in  that  for- 
mation in  a  certain  synclinal  basin.  Oil  may  be  expected  at  or 
•  Johnson  and  Huntley,  "  Principles  of  Oil  and  Gas  Production." 
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above  the  water  table,  along  the  homoclinal  dip.    The  big  pools 
of  Corning,  Ohio,  and  Scio,  Ohio,  are  so  situated. 

The  chemical  analysis  of  water  found  in  drilling  will  enable 
one  to  determine  the  presence  of  oil  or  dissolved  gas  in  it,  and 
therefore  the  presence  of  either  one  may  be  exp)ected  further  up 
the  dip  if  the  analysis  shows  their  traces.  If  a  well  is  drilled  in 
an  old  abandoned  territory  and  water  found,  the  water  may  be 
from  the  sand  itself  or  leaked  in  from  other  improperly  plugged 
wells,  such  a  possibility  may  be  determined  by  a  chemical 
analysis  of  the  water  found  in  the  sand  and  the  water  that  has 
been  cased  off  above  the  sand  at  higher  levels.  This  may  also 
be  used  in  connection  with  pumping  wells,  to  determine  whether 
the  water  that  is  pumped  with  the  oil  is  from  the  oil  sand  or  from 
above  it. 

Water  conditions  may  determine  the  extent  of  deeper  pools, 
and  if  it  is  borne  in  mind  that  of  two  sands  of  equal  jxjrosity  and 
equal  thickness,  the  upper  or  younger  one  will  be  more  thoroughly 
saturated  with  water  than  the  lower  or  older  stratum,  therefore 
it  may  be  expected  that  the  edge  of  the  underlying  pool  will  not  be 
directly  under  the  upper  one,  but  will  extend  further  down  the  dip. 

Interesting  and  valuable  information  is  pointed  out  by 
Carl  H.  Beal  in  Bulletin  658  of  the  United  States  Geological 
Survey,  wherein  he  states:  "The  evidence  indicates  that  in 
general  the  oil  and  gas  areas  in  an  elongated  dome,  where  folding 
is  simple,  extend  farther  down  on  the  long  axis  of  the  anticline 
or  dome  than  on  the  steeper  sides.  In  other  words,  the  area 
that  contains  water  only,  occurs  at  a  higher  structural  position 
on  the  steeper  sides  of  an  elongated  dome  than  it  does  on  its 
plunging  axis."     (Fig.  11 1.) 

■  Whether  two  pools  in  the  same  sand  may  or  may  not  be 
connected  some  information  may  be  had  by  the  comparison  of 
the  pressure  and  gravity  of  the  oil.  If  it  is  found  that  the  prop- 
erties of  the  oil  and  gas  are  similar  it  may  be  exp>ected  that  the 
two  pools  may  be  connected.  Care  must  be  taken  that  the 
samples  of  the  oils  are  a  true  representation  of  the  field,  as  it  is 
possible  that  the  gravity  of  the  oil  in  a  f)ool  may  have  undergone 
some  change;  wells  have  been  known  to  produce  oils  of  different 
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gravities  at  various  times,  and  the  rock  pressure  in  one  pool 
might  have  undergone  a  greater  dech'ne  than  the  others.  Arti- 
ficial methods  of  production,  such  as  the  use  of  compressed  air,  • 
may  lower  the  gravity  of  the  oil,  and  lessen  its  gasoline  value, 
and  therefore  will  lower  the  value  of  the  casinghead  gas  for 
such  a  purix)se.  It  is  necessary,  therefore,  that  when  a  com- 
parison is  made  between  two  pools,  they  should  be  studied  under 
similar  conditions. 

David  White's  studies  have  shown  a  valuable  relation  that 
exists  between  the  overlying  coals  and  their  extent  of  alteration, 
and  oil  and  gas  deposits,  and  he  states  that  "In  regions  where 
the  progressive  devolatilization  of  the  organic  deposits  in  any 
formation  has  passed  a  certain  p>oint,  marked  in  most  provinces 
by  65  to  70  per  cent  of  fixed  carbon  (pure  coal  basis)  in  the 
associated  or  overlying  coals,  commercial  oil  pools  are  not 
present  in  that  formation  nor  in  any  other  formation  normally 
underlying  it,  though  commercial  gas  pools  may  occur."  Fur- 
ther on  he  states:  "The  lowest  rank  oils  of  each  type  are  found 
in  regions  and  formations  in  which  carbonaceous  depjosits  are 
least  altered,  .  .  .  the  highest  rank  oils  being,  on  the  whole, 
found  in  regions  where  the  carbonaceous  deposits  .  .  .  have 
been  brought  to  correspondingly  higher  ranks." 

Spacing  of  Wells.  The  distance  between  wells  in  most  cases 
is  determined  by  the  various  usages  or  customs  in  the  field.  In  a 
consolidated  sandstone  or  magnesian  limestone  field,  closely 
spaced  wells  cannot  be  expected  to  bring  good  results,  and  for 
that  reason  all  town-lot  developments  are  to  be  discouraged, 
as  it  may  safely  be  stated,  that  out  of  ten  producers,  it  is  unlikely 
that  more  than  one  will  make  a  financial  success  of  his  holdings, 
and  past  history  will  bear  out  this  statement  in  all  instances. 
Wells  may  come  in  with  a  large  initial  or  flush  production,  but 
with  many  wells  draining  a  small  area,  the  number  of  barrels  of 
oil  f)er  well  must  necessarily  be  small.  Although  such  develop- 
ments may  be  a  Mecca  for  the  drilling  contractors,  they  are  far 
from  being  good  prospects  for  the  oil  man.  The  rule  in  all  such 
cases  should  always  be:  KEEP  AWAY  FROM  TOWN-LOT 
EXCITEMENTS. 
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In  general  practice  it  is  customary  to  off-set  wells,  that  is,  the 
opposing  producers  either  by  mutual  agreement  or  through 
•custom,  will  stay  equal  distances  away  from  each  other's  prop- 
erty line.  If  a  well  is  being  drilled  300  feet  from  the  property 
line,  the  owner  of  the  adjoining  lease  will  off-set  this  well  if  it 
proves  to  be  a  good  producer,  and  stay  300  feet  from  the  line, 
making  the  entire  distance  between  the  two  wells  600  feet. 
Under  ordinary  conditions  the  following  rule  of  thumb  may  be 
applied  to  spacing  of  wells:  in  a  shallow  field  where  the  depth 
of  wells  does  not  exceed  500  feet,  the  wells  should  not  be  less  than 
400  feet  apart,  and  about  150  or  200  feet  from  the  property 
lines.  Where  the  wells  are  deeper  they  should  be  at  least  600 
feet  apart,  300  feet  away  from  the  property  lines.  This  rule  may 
be  applied  to  oil  wells,  while  for  gas  wells  the  distances  should 
be  greater,  and  it  is  good  practice  to  locate  one  gas  well  to 
forty  acres,  in  a  gas  belt  where  the  wells  are  2000  feet  or 
deeper. 

Although  the  above  rule  may  be  employed,  it  is  by  no  means 
the  best  method.  No  two  territories  are  alike  and  therefore  a 
rule  that  will  hold  good  for  one  field  may  be  detrimental  to 
another.  The  methods  of  spacing  wells  depend  upon  the 
porosity  of  the  sand,  the  dip  of  the  formation  and  the  water  in 
the  sand.  Consideration  should  also  be  given  to  the  physical 
properties  of  the  oil  and  the  pressure  of  the  gas. 

Where  the  effective  porosity  of  a  sand  is  large,  as  in  the 
case  of  the  Texas  salt  domes,  the  Mexican  water-channeled 
limestones,  the  California  and  Russian  unconsolidated  forma- 
tions, the  wells  are  generally  located  very  close  together,  the 
large  amount  of  oil  produced  puts  such  wells  on  a  paying  basis, 
but  from  an  economic  standpoint  such  close  spacing  is  unneces- 
sary; one  well  will  drain  a  much  larger  area  under  these  con- 
ditions than  it  would  in  a  relatively  less  porous  sand. 

If  the  producing  sand  body  has  a  pronounced  dip,  the  wells 
should  be  closer  together  along  the  line  of  strike  than  along  the 
dip.  The  water  level  must  be  watched,  and  in  the  case  of  large 
holdings  it  may  become  possible  that  the  encroachment  of  water 
up  the  dip  may  be  retarded  by  a  vigorous  pumping  of  the 
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wells  down  the  dip  to  check  the  upward  movement  of  the 
watorr^ 

In  a  newly  discovered  p)ooI  the  pressure  of  the  gas  is  much 
larger  and  therefore,  the  original  wells  will  produce  a  greater 
amount  of  oil  during  the  initial  stages  than  the  wells  that  are 
drilled  when  the  pool  has  been  drained  to  a  large  extent. 

There  are  various  methods  advocated  whereby  a  certain 
number  of  wells  may  be  oflf-set  by  a  less  number  of  wells,  at  the 
exf)ense  of  some  lost  territory,  but  at  a  gain  in  the  number  of 
wells  drilled.  A  method  of  computing  the  lost  areas  as  stated 
by  Johnson  and  Huntley,  in  their  "  Principles  of  Oil  and  Gas 
Production,"  is  as  follows:  Draw  lines  on  the  map  midway 
between  each  line  well  and  its  two  opposing  line  wells,  if  one  is 
not  exactly  opf)Osite.    This  b  done  by  drawing  circles  with  each 


Fig.  112. — Graphic  Method  of  calculating  loss  of  oil  where  offsetting  with  a  fewer 
number  of  weUs.     (Johnson  and  Huntley.) 


well  in  question  as  a  center  and  joining  the  jwints  of  inter- 
section with  a  line.  These  lines  make  triangles  with  the  lease 
boundary,  showing  areas  lost  or  gained.     (Fig.  112.) 

The  area  of  the  lost  territory  thus  outlined  must  now  be 
computed  as  well  as  any  territory  which  may  be  gained  from  the 
neighbor.  This  may  be  done  by  making  this  construction  on 
cross-section  paper,  counting  the  number  of  squares  or  fraction 
of  squares  included  in  the  area.  A  more  exact  method  is  to 
compute  the  area  of  the  triangle  by  the  well-known  formula 
of  the  base  times  one-half  the  altitude.  In  the  event  that  the 
area  is  polygonal  instead  of  triangular,  it  is  divided  into  triangles 
the  area  of  each  computed  and  added  together. 

Discoveries  of  new  pools  generally  create  a  great  excitement 
and  an  inrush  of  oil  men,  and  during  such  times  it  is  advisable 
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that  the  geologist  should  not  be  misled  by  the  various  stories 
that  are  being  told,  but  to  go  out  in  the  field  and  obtain  all  the 
information  that  is  reliable  and  base  his  deductions  on  unbiased 
data  obtained  from  the  evidence  shown  by  the  geological  con- 
ditions coupled  with  any  other  information  available. 


CHAPTER  Xm 
DRILLING   METHODS 

That  oil  or  gas  may  be  obtained  it  is  necessary  that  a  hole 
be  bored  or  drilled  through  the  formations  in  order  that  the 
producing  horizon  may  be  tapped.  The  most  common  methods 
employed  for  drilling  are  the  Rotary  and  Cable  systems.  The 
choice  depends  upon  the  character  of  the  formations.  Thus, 
in  the  majority  of  cases  the  strata  are  quite  solid,  so  that  the 
walls  of  the  holes  drilled  are  quite  firm  and  will  not  cave  imme- 
diately; in  such  cases  the  standard  cable  or  percussion  system  may 
be  used.  On  the  other  hand,  where  the  drilling  is  through  soft 
formations  that  easily  cave,  the  rotary  method  is  the  one  adapted 
for  the  work.  In  some  cases  it  is  of  advantage  to  combine  the 
two  methods  so  that  a  change  from  one  to  the  other  may  be 
made  whenever  necessary. 

The  rotary  system  consists  in  turning  a  column  of  pif>e,  the 
lower  end  of  which  is  fitted  with  the  cutting  tool,  which  when 
rotated  will  penetrate  through  the  formations,  and  as  the  hole 
is  deepened  the  tools  are  lowered  by  the  addition  of  more  piF)e, 
which  also  acts  as  a  preventive  (or  casing)  against  a  caving 
hole.  Water  is  forced  through  the  pipe,  which  is  under  pressure, 
temporarily  holding  the  wall,  ako  when  it  returns  to  the  surface 
it  will  bring  the  cuttings  with  it.  The  returning  water  is  examined 
and  thus  the  various  formations  passed  through  may  be  recog- 
nized. 

The  standard  cable  system  differs  in  that  the  hole  is  drilled 
by  the  raising  and  dropping  of  a  heavy  steel  tool,  which  is  a 
"bit,"  and  by  means  of  additional  weight  given  it  by  the  stem, 
sinker  bar,  jars  and  rope  socket,  will  cut  through  the  formations. 
The  tool  is  lifted  by  means  of  a  walking  beam  which  is  attached 
to  the  wrist  pin  of  the  main  driving  shaft  crank.    The  tool  is 
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Practical  Form  No.  2 
SIMPLE  FORM  OF  DRILLING  CONTRACT 

Date 

We, Ohio, 

being  familiar  with  the  location  and  surroundings  of  Well  No 

Serial  No located  on farm 

Situated  in Township, 

County,  Ohio,  do  hereby  agree  to  drill  a  well  for  The 

Company  at  such  location  to  and  through  the  Clinton  Sand  or  to  Medina 
Sand,  if  requested  to  do  so,  or  to  any  point  above  at  which  they  may  order 
drilling  stopped,  clean  well  out  to  bottom  after  shot  and  tube  it,  for  the 

consideration  of  $ per  foot  to  be  paid  us  by  The 

Company,  the  said  The Company  to  furnish  rig, 

pipe,  casing  and  tubing  to  drill  said  well.  The  Contractors  to  furnish  fuel, 
water  and  all  other  material  necessary  to  drill  well. 

We  have  examined  the  drilling  rig  as  built,  and  accept  the  same  as  safe 
and  satisfactory  for  such  drilling  purposes,  and  we  hereby  assume  all  risks 
of  accidents  to  ourselves  and  employees  from  breakage  or  otherwise  during 
said  work,  above  work  to  be  done  in  a  diligent  and  workmanlike  manner. 

It  is  further  agreed  that  should  it  require  more  than  two  days  to  dean 
out  said  well  after  shooting,  that  for  any  additional  cleaning  out  (after 

said  two  days)  The Company  shall  pav  $25.00 

per  day  for  1 2-hour  days.     The Company  to 

furnish  fuel  for  cleaning  out  purp)oses  only. 

In  case  said  well  should  not  pay  to  tube  the  said  Contractors  are  to 
plug  and  pull  all  material  out  of  said  well  that  can  be  reasonably  pulled  at 
their  own  expense. 

Company. 

Witness Signed 

Witness 

Witness 
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--    "^      Practical  Form  No.  3 
DRILLING  CONTRACT 

THIS  AGREEMENT  made  and  entered  into  this 

day  of 19 ,  by  and  between  the  following 

named  parties: 

a  corporation  organized  and  existing  under  the  laws  of  the  State  of 

and  having  its  principal  place  of  business  at 

and 

a  corporation,  company  or  individual,  organized  and  existing  under  the 

laws  of  the  State  of ,  and  having  its  principal  place 

of   business   at ,    hereinafter   called   the 

Contractor: 

WITNESSETH 

That  the  parties  hereto,  for  and  in  consideration  of  their  mutual  cove- 
nants hereby  agree  as  follows: 

The  Contractor  agrees  to  drill  a  w^ell  for  the 

in  accordance  with  the  specifications  hereinafter  contained.     Well  to  be 

known  as 

Lease  number Well  number Serial  number 

on  that  certain  piece  of  land  known  and  described  as  follows: 

Land  Owner,  Lot  or  Farm  name 

sitiiated  in Township, Section, County, 

Sute  of • 

and  the Company  agrees  to  pay  the  Con- 
tractor for  said  work,  the  amount,  in  accordance  with  the  terms, 
hereinafter  prescribed. 

DRILLING  CONDITIONS 

The  Contractor  shall  commence  the  drilling  of  said  well  within 

.' days  after  the  execution  of  this  agreement  and  shall 

prosecute  the  work  of  drilling  said  well  continuously  thereafter  until  said 

well  is  fully  completed  to  the  entire  satisfaction  of  the 

Company. 

The  Contractor  shall  set  a  strhig  of inch  casing  in  said 

well  from  the  surface  to  a  depth  to  be  indicated  by  the 

Company  from 

The  Contractor  shall  also  set  a  string  of inch  casing  in  said 
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well  from  the  surface  to  a  depth  to  be  indicated  by  the 

Company 

The  Contractor  shall  also  set  a  string  of inch  casing  in 

said  well  from  the  surface  to  a  depth  to  be  indicated  by  the 

Company. 

The  Contractor  shall   set  all   the   above   named   casings  and  any 

other  casing,  in  accordance  with  and  under  instructions  of  the 

Company  and  after  the  setting  of  each  string  of  casing  the  well 

shall  be  bailed  sufficiently  to  ascertain  if  the  water  has  been  shut  off,  and 

the  well  shall  then  be  allowed  to  stand  for hours  to  test 

the  same.    If  the  water  has  not  been  shut  off  after  the  setting  of  any  string 

of  casing,  the  Contractor  will  then  furnish days' 

free  labor,  under  the  instructions  of  the 

Company,  in  a  further  endeavor  to  shut  off  the  water. 

GUARANTEES 

The  Contractor  agrees  that  all  work  shall  be  done  in  a  good  and 
workmanlike  manner;  that  the  casing  when  set  shall  be  open  to  its  full 
diameter  and  to  its  full  length  so  as  to  permit  the  passage  throughout  its 
entire  length,  of  the  next  smaller  size  casing,  free  and  unobstructed. 

In  the  event  of  the  inability  of  the  Contractor  to  complete  said 
well  in  accordance  with  the  terms  and  conditions  hereof,  for  any  cause,  the 
Contractor  shall  immediately  commence  the  drilling  of  a  new  well  at 

a  point  to  be  indicated  by  the 

on  the  above  described  property,  which  new  well  shall  be  completed  in 
accordance  with  all  the  terms  and  conditions  hereof,  provided  however, 
that  the  Contractor  shall  carry  such  new  well  to  the  depth  at  which 
the  first  well  is  lost,  free  of  any  additional  cost  to  the 

TOOLS,  MATERIALS  AND  SUPPLIES 

The Co.   shall   furnish  a  Standard  derrick 

complete  and  the  same  shall  be  erected  at  a  certain  point  on  the  above 
described  land. 

The Co.  shall  also  furnish  all  pipe,  casing 

and  tubing  necessary  to  drill  said  well 

The  Contractor  shall  furnish  all  labor,  all  machinery  and  drilling 

•  tools,  all  drilling  lines,  all  casing  lines  and  blocks,  all  working  and  fishing 

tools  and  any  and  all  other  materials,  supplies  and  tools  not  specifically 

provided  to  be  furnished  by  the Co. 

AH  material  and  apparatus  which  it  is  specifically  provided  to  be  fur- 
nished by  the Co.,  shall  be  in  good  condition  and 
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shall  be  maintained  in  good  condition  by  and  at  the  expense  of  the  Con- 
tractor and  shall  be  returned  to  the Co., 

at  the  expiration  of  this  contract  in  good  condition  and  repair,  subject  to 
the  ordinary  wear  and  tear. 

MEASUREMENTS  AND  RECORDS 

The  Contractor  shall  keep  a  complete  and  accurate  log  of  the  well, 

which  shall  at  all  times  be  open  to  the  inspection  ot  the 

Co.,  and  its  duly  authorized  representatives.    The 

Co.,  and  its  duly  authorized  representatives  may  at  any 

and  all  times  inspect  the  work  and  conditions  and  take  such  measurements 
as  they  shall  desire. 

LIENS 

The  Contractor  agrees  to  save  and  hold  harmless  the 

Co.,  and  the  land  hereinabove  described  from  any  and  all 

claims  or  liens  of  labor  or  supplymen  or  supply  stores  arising  out  of  the 
drilling  of  said  well  and  against  the  claims  of  Contractor's  employees 
for  injuries  received  in  the  course  of  said  work  upon  said  land  from  any 
and  all  causes  whatsoever. 

The    Contractor    agrees   to   examine    the   drilling    derrick  as  built 

and  any  and  all  other  apparatus  which  may  be  furnished  by  the 

Co.,  and  accept  the  same  as  safe  and  satisfactory  for  such 

drilling  purposes  and  agrees  to  assume  all  risks  of  accidents  to  themselves 
and  employees  from  breakage  or  any  and  all  other  causes. 

PAYMENTS 

The Co.,  agrees  to  pay  to    the  Con- 
tractor the  sum  of  $ per   linear  foot  for  each  foot  of 

hole  drilled  and  cased  to  the  entire  satisfaction  of  the 


.Co.,. 


BREACH 

Upon  the  failure  of  either  party  to  fully  keep  and  perform  each  and  all 
of  the  terms  of  this  agreement,  then  the  agreement  may  at  once  be  ter- 
minated at  the  option  of  the  party  not  in  default. 
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If  the  defaulting  party  be  the Co.,  then  all 

work  completed  shall  be  forthwith  paid  for  to  the  Contractor  at  the  full 
contract  price  per  linear  foot. 

If  the  defaulting  party  be  the  Contractor,  then  all  rights  to  moneys  due 
under  this  contract  shall  be  forfeited. 

Any   breach   of   this   contract   by    the Co., 

requiring  the  Contractor  to  shut  down  for  more  than 

consecutive  hours  shall  entitle  the  Contractor  to  $ 

per  day  during  the  time  actually  shut  down  in  excess  of 

consecutive  hours. 

Delays  occasioned  by  strikes  or  the  elements  or  any  and  all  other  causes 
beyond  the  control  of  either  party  shall  not  be  deemed  a  breach  of  this 
contract. 


ARBITRATION 

Any  and  all  disputes  or  controversy  arising  out  of  this  agreement  shall 
be  referred  to  three  arbitrators,  one  to  be  selected  by  each- of  the  parties 
hereto  and  the  two  so  selected  to  appoint  a  third.  A  decision  by  the  majority 
of  such  arbitrators  shall  be  binding  upon  both  parties. 

Time  is  the  essence  of  this  agreement  and  this  agreement  runs  in  favor 
of  and  is  binding  upon  the  successors  and  assigns  of  each  of  the  parties 
hereto. 

In  Witness  Whereof,  the  parties  hereto  have  caused  their  respective 
names  and  seals  to  be  hereunto  affixed  by  their  officers  first  thereunto 
duly  authorized  by  resolution  of  their  respective  Companies  or  Boards 
of  Directors,  the  day  and  year  first  hereinabove  written. 


The Company 

Witness By 

Witness 

Witness 

The ContractOT 

Witness By 

Witness 

Witness 
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attached  to  the  drilling  rojje  which  in  turn  is  attached  to  the 
walking  beam  by  means  of  the  temper  screw.  This  operation 
can  be  carried  out  only  after  the  hole  is  deep  enough  to  permit 
the  string  of  tools  to  be  lowered  into  it  so  that  it  may  be  attached 
to  the  walking  beam  by  means  of  the  temjjer  screw.    Until  the 


m 


FlC.  113. — Standard  Drilling  Derrick. 


required  depth  is  obtained,  spudding  is  resorted  to,  which  con- 
sists in  the  lifting  and  dropping  of  the  tools  by  means  of  a  jerk- 
line  attached  to  the  wrist  pin,  and  the  other  end  to  the  drilling 
rope  by  means  of  a  spudding  shoe  which  works  freely  along  the 
line..  The  jerking  motion  imparted  to  the  rope  lifts  the  toob 
in  the  derrick  and  as  the  hole  is  being  deepened  more  rope  is 
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let  out.  The  removal  of  the  cuttings  is  accomplished  by  lowering 
a  bailer  with  a  dart  valve  at  the  bottom  and  the  cuttings  are 
brought  up.    (Fig.  113.) 

Both  systems  of  drilling  require  a  tall  derrick  for  the  purpose 
of  drilling  so  that  the  tools  and  casing  may  be  lifted  up  vertically 
before  they  can  be  inserted  in  the  well.  In  fields  where  the 
depths  are  not  over  2000  feet,  portable  drilling  machines  are 
in  use,  which  differ  from  the  standard  derrick  in  being  lighter 
and  using  a  high  mast  instead  of  the  derrick  tower. 

When  the  location  in  the  field  is  made  and  properly  surveyed, 
the  next  step  is  the  building  of  the  rig,  which  is  done  by  contract 
with  people  whose  vocation  is  the  erecting  of  such  structures. 
When  the  rig  is  up  (Fig.  114)  the  companies'  or  the  drilling 
contractors'  men  will  string  their  tools  and  soon  the  well  is 
spudded  in. 

The  drilling  is  mostly  done  by  drilling  contractors  who  agree 
to  drill  a  well  to  a  certain  depth  or  through  a  certain  sand  for  a 
specified  price,  which  varies  in  different  localities,  depending 
upon  the  accessibility  of  the  location,  the  depth  of  the  well  and 
other  conditions  that  will  affect  the  drilling,  the  price  ranges 
between  one  to  seven  dollars  per  foot.  The  success  of  the  drilling 
contractor  depends  upon  the  smoothness  with  which  the  opera- 
tion has  been  carried  out,  numerous  fishing  jobs  will  eat  into 
his  profit  considerably  and  in  case  of  continued  misfortunes  may 
show  considerable  losses. 

In  the  standard  system  of  drilling  various  size  casings  are 
used  at  different  depths  to  keep  the  wall  up  and  to  case-off  water 
that  may  be  encountered  during  the  drilling.  In  most  cases  a 
certain  amount  of  surface  soil  is  to  be  drilled  through  before  the 
underlying  rocks  are  reached;  this  surface  soil  may  consist  of 
gravels,  which  are  quite  thick  along  river  bottoms  and  in  glaciated 
countries.  If  it  is  but  a  few  feet,  a  12-inch  hole  is  started,  and 
an  octagonal  shaped  wooden  conductor  or  casing  is  inserted, 
but  if  the  drift  is  thicker  a  large  size  casing  known  as  the  drive 
pipe  is  used.  A  short  distance  is  drilled  by  spudding  and  the 
drive  pipe  allowed  to  lower  down,  and  generally  driven  down  by 
clamps  attached  to  the  drilling  stem,  and  this  continued  until 
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Fxo.  114— "Rig  Up 
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l^U^a: 


FlO.  lis. — Packer  at  Bottom  of  Gas  Well. 
(After  S.  S.  Wyer.) 

which  is  to  be  shut  off.  and  the 


solid  bottom  is  found.  Where 
large  boulders  are  encountered, 
care  must  be  taken  to  drill 
through  them,  as  driving  the 
pipe  against  such  boulders  will 
cause  the  bottom  of  the  casing 
to  bend,  especially  if  a  light- 
weight casing  is  used.  Such 
boulders  may  be  dynamited, 
but  if  all  attempts  to  remove 
them  or  drill  through  them 
fails,  the  rig  will  have  to  be 
moved  or  "skidded"  and  a 
new  hole  started.  Such  boul- 
ders may  cause  a  crooked  hole, 
as  the  tools  hitting  them  a 
glancing  blow  may  be  diverted 
and  thus  the  crooked  hole 
started. 

After  the  successful  landing 
of  the  drive  pipe,  drilling  is 
resumed  with  the  next  smaller 
sized  tool  and  continued  until 
for  some  reason  or  other  another 
string  of  casing  is  to  be  inserted. 
The  different  points  where  new 
strings  of  casings  are  needed 
are  well  known  in  a  developed 
pool,  and  the  size  of  the  hole 
with  which  the  wells  are  started 
depends  upon  the  number  of 
times  the  hole  is  to  be  cased, 
as  each  successive  casing  is  of 
a  smaller  diameter.  Each  string 
of  casing  reaches  from  the  top 
of  the  well  through  the  object 
bottom  landed  in  a  solid  rock. 
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The  object  which  is  to  be  cased  off,  whether  it  is  caving  or  water, 
must  be  prevented  from  going  below  the  casing  and  thus  into 
the  hole,  and  for  this  special  casing  shoes  are  used  or  a  "  packer  " 
placed  at  the  bottom  of  the  casing.  The  old  system  of  packing 
off  water  consisted  in  placing  a  seed-bag,  which  as  the  name  indi- 
cates is  a  bag  filled  with  seeds,  which  will  expand  or  swell  up 
when  in  contact  with  water,  so  that  if  such  a  seed-bag  is 
inserted  between  the  wall  of  the  hole  and  the  casing  below  the 
source  of  the  water,  it  will  prove  to  be  a  means  of  shutting  off 
the  way  for  the  water  to  enter  the  sand.  Seed-bags  are  seldom 
used  at  the  present;  time,  and  in  place  of  them  specially  pre- 
pared packers  are  used;  they  come  in  different  styles  and  sizes, 
depending  on  the  peculiarities  of  the  different  conditions.  The 
object  of  the  packer  is  the  same  as  that  of  the  seed-bag  and  it  is 
accomplished  as  follows:  a  hollow  rubber  cylinder  is  placed 
between  two  flanges,  and  the  weight  of  the  casing  above  will 
cause  the  rubber  to  bulge  outward  and  come  in  contact  with 
the  wall  of  the  hole,  forming  a  strong  seal.     (Fig.  115.) 

During  the  course  of  drilling,  various  difficulties  may  present 
themselves;  it  may  be  that  the  drilling  cable  will  break,  or  the 
joined  parts  of  the  tools  may  become  unscrewed,  the  stem  may 
break,  a  string  of  casing  may  drop  in  the  hole,  or  some  other 
similar  accident  may  occur;  in  each  case  a  "fishing  job"  is  on 
hand.  By  the  use  of  various  fishing  tools,  depending  on  the 
nature  of  the  job,  lost  objects  may  be  recovered.  If  not,  they 
may  be  drilled  past  and  cased  off,  or  the  rig  skidded  and  a  new 
hole  started. 

The  general  system  of  casing  consists  in  screwing  the  joints 
of  pipe  together  each  about  20  feet  long,  and  lowering  them  into 
the  hole.  There  are  various  ways  in  which  the  joining  together 
of  the  several  joints  may  be  accomplished. 

Quite  often  it  is  necessary  to  drill  a  hole  while  it  has  con- 
siderable water  in  it,  and  before  casing  came  into  use  all  wells 
were  drilled  "wet."  The  process  is  not  only  slow,  but  dangerous, 
as  showings  of  oil  and  gas  may  be  overlooked,  and  if  discovered 
it  is  hard  to  determine  whether  there  is  any  water  in  the  producing 
sand  with  the  oil  or  not. 
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Practical  Form  No.  4 

DRILLING  INDEX  CARD 


Lease  No.  Well  No.  Serial  No. 


Land  Owner 


Township  County 


Sec.  No.  Lot  No.  District  Acres 


Operating  Co. 


Address 


Contracting  Co. 


Address 


Price  $  per  Foot.    Remarks: 


Fuel  Used  Price  $ 


Commenced  19 


Completed  19    .  No.  of  days 


Drillers 


Dressers 


Remarks: 


Rig  Commenced  19        .    Rig  Completed  19 


REVERSE  SIDE  OF  INDEX  CARD 
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Locating  Data 


Condition  of  Location  Ground. 
F-Fair.    G  =  Good.    M  =  Medium.     P» 


'Poor. 


Location  Dated 

19 

Location  Received 

19 

Location  Reported 

19 

Meter  Name 

No. 

Connected 

19 

Sute 

Disconnected 

19 

Sute 

Consumed 

M.Ft.  $ 

Meter  Name 

No. 

Connected 

19 

State 

Disconnected 

19 

State 

Constmied 

M.Ft.  $ 

Report  on  Sands 

Total  Depth 

Ft.  Rock  Pr. 

Volume 

Bbls. 

0 
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It  is  the  duty  of  the  driller,  one  which  is  quite  often  hastily 
done,  to  keep  a  record  or  log  of  the  well.  This  consists  in  noting 
the  various  formations  drilled  through,  the  casing  points,  and 
the  showings  of  water,  oil  or  gas.  The  importance  of  good  logs 
cannot  be  overestimated.  The  accuracy  with  which  these 
records  are  kept  determines  the  accuracy  of  the  convergence 
sheet.  The  points  where  oil  and  gas  showings  are  found 
must  be  known  as  it  may  become  desirable  to  shoot  such 
showings  and  in  order  that  it  may  be  done  properly  the 
exact  distance  from  the  top  of  the  hole  piust  be  known. 
Measurements  should  be  made  with  a  steel  tape  made  for  that 
purpose. 

A  typical  well  record  will  show  the  various  lengths  and  sizes 
of  the  casings;  the  points  where  water  and  cavings  are  encoun- 
tered as  well  as  the  various  sands  and  formations  drilled  through. 
The  driller  may  be  able  to  determine  the  kinds  of  strata  that 
are  being  penetrated;  experience  is  the  best  teacher  for  this,  but 
we  may  put  down  one  or  two  characteristics  that  may  be  noticed 
which  will  help  to  determine  the  kind  of  stratum  is  being  struck 
by  the  bit;  thus  a  rapid  letting  out  of  the  screw  shows  that  soft 
rocks,  such  as  shales  or  coals  are  being  drilled,  while  the  opposite 
would  indicate  that  the  stratum  is  hard.  The  drill,  when  pulled 
out,  will  have  a  muddy  appearance  when  drilling  through  soft, 
clay-like  material,  and  a  polished  stem  and  bit  when  hard  shale 
is  being  cut  up,  while  solid  hard  formations  will  roughen  the 
bottom  of  the  bit,  the  "feel"  of  which  will  indicate  such  a  con- 
dition. 

The  oil  man's  vocabulary  contains  the  word  "shell,"  which 
must  be  carefully  understood,  as  it  is  rather  loosely  used  by  the 
driller.  The  meaning  of  the  word  in  this  connection  is  applied 
to  any  comparatively  thin  and  hard  formation.  Thus  it  may 
be  a  thin  limestone  or  sandstone  or  hard  shale;  anything  that 
will  retard  the  drilling  tools  for  any  length  of  time.  It  means 
very  little  ordinarily,  except  that  a  hard  stratum  was  found. 
Many  records  show  the  following:  "No  sand  found,  its  place 
taken  by  a  shell."    Such  information  is  rather  loose  and  must 
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be  guarded  against.  Of  course  the  best  method  of  knowing 
what  has  been  drilled  through  is  by  examining  the  bailings  as 
they  come  up  from  the  well;  whether  it  is  a  shale  or  sandstone  or 
limestone  can  easily  be  determined.  Quite  often  dark  shales  are 
mistaken  for  coal. 


CHAPTER  XIV 
"BRINGING  IN"   WELLS 

In  a  strictly  "wild-cat"  country,  only  the  geological  informa- 
tion gathered  in  the  field  may  be  employed  as  to  the  proper 
horizon  that  is  looked  for.  In  most  instances,  however,  although 
wells  are  some  distance  from  production,  the  various  strata  are 
well  known  and  the  formations  recognized  from  past  experience. 

From  the  elevation  of  the  well,  which  has  been  determined 
at  the  time  the  well  location  was  made  and  surveyed,  the  depth 
at  which  the  sand  is  expected  may  be  figured  very  closely.  As 
the  drill  approaches  the  sand,  the  samples  from  the  bailer  are 
carefully  washed  and  laid  out  in  order,  the  operator  and  drillers 
are  enabled  to  tell  from  such  samples  when  the  top  of  the  sand 
is  reached.  A  steel  line  measurement  should  always  be  taken 
at  this  point,  and  the  drilling  proceeds.  It  is  customary,  espe- 
cially in  an  unknown  country,  to  be  prepared  for  the  possibility 
of  striking  a  large  volume  of  gas,  by  laying  a  snuff-line  from  the 
boiler  to  the  mouth  of  the  well ;  in  case  gas  is  struck  unexpectedly, 
the  steam  under  pressure  from  the  snuff-line  is  turned  on  so  that 
it  mixes  with  the  gas  and  disperses  it,  so  that  the  risk  of  fires  may 
be  minimized.  All  fires  around  the  rig  are  to  be  extinguished  at 
once,  the  boiler  allowed  to  cool  and  moved  to  a  safe  distance. 
The  direction  of  the  wind  is  always  to  be  watched,  as  it  may 
blow  in  the  direction  of  the  boiler,  and  gas  with  it  will  be  a  source 
of  danger. 

When  the  top  of  the  sand  is  reached  and  its  depth  determined, 
the  drilling  is  resumed.  The  presence  of  gas  may  be  noted  at  the 
well  mouth  and  is  to  be  gauged  after  each  "screw"  with  the  Pitot- 
tube.  The  presence  of  oil  is  determined  by  noting  the  contents 
of  the  bailer,  in  which  it  will  be  brought  up  if  there  is  any  present. 
Water  is  to  be  watched  for  and  if  the  sand's  color  changes  and 
turns  white,  water  is  indicated.    If  there  is  oil  in  the  hole  the 
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water  is  not  to  be  drilled  into  more  than  a  foot,  so  that  the 
incoming  water  will  not  be  too  much  and  yet  suffiriVnt^to  move 
the  oil  with  it,  thereby  bringing  a  larger  amount  of  oil  into  the 
hole.  The  size  of  an  oil  well  can  be  estimated  only  at  the  time 
it  is  drilled  in.  This  may  be  done  by  noting  the  rapidity  with 
which  oil  fills  up  in  the  hole,  as  noted  on  the  drilling  rope,  when 
the  tools  are  withdrawn;  the  space  taken  up  by  the  tools  as  well 
as  the  possibility  of  water  being  under  the  oil  must  be  con- 
sidered. The  amount  of  oil  flowed,  swabbed  or  bailed  out  during 
the  first  twenty-four  hours  is  the  general  report  that  is  given  out 
in  most  cases. 

The  surest  method  of  valuing  an  oil  well  is  after  it  has  been 
pumped  or  allowed  to  flow  for  some  time.  In  the  case  of  large 
gushers,  the  amount  of  oil  produced  is  known  only  if  properly 
tanked.  The  production  of  oil  out  of  a  new  well  is  known  as  its 
flush  production,  and  in  the  course  of  some  time,  varying  from 
six  months  to  a  year,  a  well  will  settle  down,  and  when  it  is 
known  to  have  a  settled  production.  Wells  are  generally  bought 
and  sold  with  the  settled  production  in  mind. 

Very  little  can  be  told  from  the  examination  of  the  sand 
brought  up  in  the  bailer;  however,  whether  it  is  soft  or  hard 
and  the  shajje  of  the  grains  as  well  as  their  size  may  be  determined. 
When  water,  especially  hot  water,  is  poured  on  the  sand,  the 
rainbow  colors  of  petroleum  may  be  seen  if  any  amount  is 
present.  Oil  men  consider  all  sands  that  produce  oil  as  good 
sands,  and  others  as  "no  good."  Although  in  the  true  sense 
of  the  word  all  this  is  true,  still  the  appearance  of  the  sand  may 
explain  the  bad  results  of  a  well,  and  although  this  may  be  a 
post-mortem  information,  it  may  be  put  to  good  use  in  future 
drilling,  by  noting  the  variation  of  the  texture  of  the  sand  from 
place  to  place,  and  as  such  variations  may  take  place  gradually, 
such  knowledge  is  worthy  of  consideration. 

A  sand  body  may  have  one  or  more  pay  streaks,  which  are 
generally  divided  by  a  closely  cemented  iX)rtion  of  sand,  or  by 
thin  shale  stratum;  such  conditions  are  indicated  by  the  drillers 
as  breaks.  Breaks  may  divide  a  sand  into  several  pays,  or  again 
it  may  be  the  dividing  point  between  oil  and  water. 
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If  a  well  of  promise  is  obtained  the  next  consideration  is  the 
shooting  of  the  well.  This  operation  consists  in  lowering  a 
certain  amount  of  nitro-glycerin  in  a  tin  shell  with  sufficient 
amount  of  it  to  fill  up  the  entire  distance  opposite  the  pay  streak 
or  sand;  it  is  then  exploded  by  dropping  a  time  fuse  or  some- 
times by  the  old  fashioned  go-devil;  the  object  being  to  shatter 
the  pay  sand,  thereby  increasing  the  flow  of  its  contents.  The 
amount  of  nitro-glycerin  put  into  a  well  depends  upon  the 
thickness  of  the  sand  and  the  diameter  of  the  hole  at  that  point. 
The  attempt  is  to  shoot  all  of  the  sand.  If  water  is  present  in 
the  sand  below  the  oil  the  shell  is  so  placed  that  the  sand  lying 
above  the  water  is  shot,  so  as  to  avoid  increasing  the  amount 
of  water  as  much  as  possible.  When  only  a  few  feet  of  pay  sand 
is  found  it  is  sometimes  customary  to  place  a  "dumf>-shot"  with 
the  regular  one,  which  is  done  as  follows :  after  the  nitro-glycerin 
shell  is  in  place,  another  shell  filled  with  nitro-glycerin  is  lowered, 
but  when  reaching  the  bottom  its  contents  are  allowed  to  escape, 
"dumped,"  thereby  increasing  the  amount  of  shot  that  might 
be  placed  in  the  hole. 

A  dolomitic  limestone  will  stand  almost  any  amount  of 
shooting,  and  many  wells,  apparently  dry,  have  been  made 
producers  by  shooting.  Soft  sands  do  not  show  good  results 
from  shooting  and  the  loose  or  unconsolidated  sands  are  not  shot 
at  all.  Wells  which  produce  a  large  amount  of  oil  naturally 
should  not  be  shot  until  they  cease  to  flow.  In  this  way  a  large 
amount  of  oil  may  be  obtained  without  the  danger  of  the  well 
being  ruined  by  shooting,  as  shots  will  work  both  ways,  and 
although  in  the  majority  of  cases  they  bring  good  results,  still, 
there  are  many  instances  where  wells  have  been  ruined  by  shoot- 
ing, as  it  may  have  liberated  a  large  amount  of  water,  or  sealed 
off  the  pay  portion  of  the  sand,  and  it  is  also  possible  that  the 
casings  may  be  shot  into,  either  fracturing  them  and  allowing 
water  to  come  in  and  drown  out  the  oil,  or  the  casing  may  be  so 
bent  and  plugged  as  to  form  a  bridge  which  necessitates  expensive 
fishing  operations,  which  if  unsuccessful  would  mean  the  aban- 
donment of  the  well.  Whether  the  shooting  of  a  well  may  be 
deferred  depends  upon  the  existing  conditions;  thus  if  a  neigh- 
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boring  property  is  producing  oil,  it  will  require  similar  tactics 
upon  the  part  of  the  operator  to  put  his  well  also  in  condition  to 
prevent  the  opposing  operator  from  draining  the  territory  with- 
out opposition. 

All  wells  that  are  non-productive  or  those  that  have  so 
declined  as  to  be  no  longer  a  commercially  valuable  producer, 
should  be  plugged.  The  methods  of  plugging  are  similar  in 
most  fields.  Many  States  require  certain  methods,  and  espe- 
cially in  a  coal-producing  State,  the  plugging  requirements  arc 
strict,  as  coal  beds  are  to  be  protected.  In  many  cases  a  permit 
is  first  to  be  applied  for,  and  the  w^ell  plugged  in  the  presence  of 
of  an  inspector  appointed  for  that  purpose.  Plugging  is  desirable, 
whether  enforced  by  regulations  or  not,  as  it  will  prevent  the 
flooding  of  the  sand  from  sources  outside  of  it,  and  keep  the  rock 
pressure  from  declining. 

The  drilling  of  wells  in  a  territory  where  large  wells  are 
expected  necessitates  various  controlling  devices  with  which 
big  flows  may  be  checked  and  properly  capped  or  shut  in.  These 
devices  vary  in  different  localities  and  there  are  many  good 
appliances  on  the  market  which  may  be  used. 


CHAPTER  XV 
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After  a  well  is  "brought-in"  and  classed  as  a  producer,  the 
well  is  put  in  shape  for  prcxluction.  Gas  wells  require  that  a 
string  of  tubing  be  set,  in  most  cases  its  bottom  being  above  the 
sand  with  a  packer  to  prevent  the  entrance  of  all  foreign  material 
in  the  well.  The  size  of  the  tubing  depends  on  the  size  of  the 
wells;  very  small  ones  need  only  i-inch  tubing,  the  most  common 
size  in  use  being  the  2-inch,  and  for  large  wells  3-  and  4-inch  tubings 
are  used.  In  case  of  gusher  wells,  it  is 
impossible  to  lower  a  string  of  tubing  and 
such  wells  are  shut  in  the  casing,  and 
when  they  decline,  tubing  may  then  be 
inserted.  In  some  instances  it  is  possible 
to  pull  the  casing,  leaving  only  the  tubing 
in  the  hole.  Gas  wells  should  be  equipped 
with  at  least  two  gates,  one  for  shutting 
off  the  well  from  the  line,  the  other  used 
for  blowing  and  gauging  purposes.  (Fig. 
116.)  If  for  some  reason  or  other  a  well 
is  "  making  "  water  it  is  necessary  to  elimi- 
nate it  to  prevent  it  from  ruining  the  well. 
Such  water  is  removed  by  allowing  the 
well  to  blow  open,  the  sudden  release  of 
the  pressure  bringing  the  water  with  it. 
ing  wells  the  pressure  should  be  taken  as  well  as  the  general 
behavior  of  the  well  noted.  Many  wells  need  agitating  before 
the  water  may  be  lifted ;  this  is  done  simply  by  lowering  a  weight 
on  a  line,  which  will  agitate  and  flow  the  water.  Quite  often 
the  sudden  release  of  large  pressure  will  freeze  up  gas  wells;  in 
such  cases  the  volume  and  pressure  are  lower  than  usual;  it  is 
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Fig.  116.— Gas  Well.    (Cat- 
alog Metric  Metal  Works.) 

At  the  time  of  blow- 
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only  necessary  to  shut  the  well  in  and  it  will  thaw  itself  out 
in  a  short  time.  In  many  instances  a  gas  well  may  salt  up 
and  this  condition  seems  to  occur  mostly  in  sands  that  do  not 
carry  water,  or  very  little  of  it.  This  may  possibly  be  due  to  the 
fact  that  the  original  connate  water  having  been  lost,  some  of 
its  contents  may  have  been  deposited  in  the  sand,  which  when 
brought  into  action  by  the  movement  of  gas  may  entirely  clog 
the  pore  spaces.  Many  wells  are  entirely  lost,  ruined  by  salting. 
All  gas  wells  should  be  equipped  with  drips,  the  purpose  of 
which  is  to  catch  water  or  oil  and  prevent  it  from  getting  into 
the  lines.  Drips  generally  consist  of  a  few  joints  of  larger  sized 
casing  placed  on  the  line  at  the  mouth  of  the  well,  the  direction 


Blow-off 


Fig.  117. — Drip.     (Catalog  Metric  Metal  Works.) 


of  the  gas  flow  being  changed,  thus  causing  the  dropping  of 
foreign  elements  in  the  drip.    (Fig.  117.) 

The  chemical  analysis  of  all  waters  encountered  during  the 
drilling  of  the  wells  may  be  used  in  determining  the  probable 
source  of  water  with  the  gas. 

Meters  are  placed  between  the  wells  and  the  gathering  pipe 
lines  to  show  the  amount  of  gas  the  well  is  able  to  deliver  against 
the  pressure  carried  on  the  line.  Meters  are  often  omitted  by 
gas  companies  who  drill  their  own  wells  and  carry  the  gas  through 
their  own  pipe  lines,  if  the  lease  calls  for  a  certain  specified  sum 
as  well  rental  to  the  property  owner.  If  the  lease  specifies  a 
certain  percentage  of  the  gas  as  a  royalty,  then  the  volume 
obtained  is  measured. 
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Oil  wells  need  entirely  different  methods  of  handling,  and 
unless  a  gusher  well  is  completed,  all  wells  require  a  cleaning- 
out  process  after  the  shot  to  remove  all  the  accumulated  debris. 
After  cleaning  out,  the  well  is  tubed  similarly  to  gas  wells,  only 
packers  are  often  omitted  if  the  well  is  to  be  pumped,  as  any 


Fig.  1 1 8.— Pumping  Jack,  used  for  Pumping  Shallow  Wells. 

water  that  may  tind  its  way  down  into  the  sand  through  the 
hole  will  be  pumped  out  with  the  oil.  It  is  customary  to  drill 
a  pocket  below  the  pay,  in  which  sediments  may  accumulate, 
especially  those  caused  by  shooting.  The  lower  joints  of  the 
tubing  are  perforated,  allowing  the  entrance  of  oil  into  it,  through 
which  the  oil  is  pumped  by  means  of  valves  in  a  working-barrel, 
raised  and  lowered  by  sucker  rods  which  are  attached  to  a  power 
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at  the  surface.  In  instances  where  the  bottom  of  the  last  string 
of  casing  is  a  considerable  distance  above  the  sand  a  sufficient 
number  of  joints  of  casings  are  inserted  that  fit  inside  the  long 
string  casing,  and  reach  from  the  bottom  of  it  to  the  sand,  this 
extra  lower  string  of  casing  being  known  as  the  liner,  and  its 


FlG.  119. — Shallow  Well  Fitted  up  for  Pumping,  with  Flow  Tank  Alongside. 

object  is  to  protect  the  walls  of  the  hole  between  the  last  casing 
point  and  the  sand. 

In  a  shallow  field  the  diflferent  wells  are  pumped  with  one 
power  in  common  for  many  wells,  the  sucker  rods  in  the  wells 
are  lifted,  and  allowed  to  drop  back  by  their  own  weight;  they 
are  attached  to  pumping  jacks  (Fig.  118)  which  impart  the 
motion  to  the  sucker  rods  from  the  power  with  which  it  is  con- 
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nected  with  shackle-rods.  Very  deep  wells  require  a  separate 
pumping  power  for  each  well,  for  which  the  original  drilling 
power  may  be  used,  or  a  gas  engine  installed.  If  sufficient 
amount  of  gas  is  present  with  the  oil  it  may  be  separated  from 
the  oil  by  means  of  a  gas  trap  installed  at  the  receiving  tank, 
and  the  gas  used  for  fuel  on  the  lease  or  elsewhere. 

Considerable  difficulty  is  offered  by  the  formation  of  paraffin 
in  the  well,  which  will  clog  up  the  pores  of  the  sand  as  well  as 
obstruct  the  passage  of  oil  in  the  tubing.  The  common  practice 
is  to  pull  out  the  rods  and  properly  clean  them  as  well  as  the 
hole.  If  the  original  derrick  has  been  dismantled,  as  in  the  case 
of  most  inoderate  depth  fields,  a  portable  cleaning-out  outfit 
is  used,  which  may  readily  be  set  up  over  a  well,  and  the  neces- 
sary pulling  done  by  a  team  of  horses. 

As  a  well  is  being  pumped  the  oil  is  carried  through  one  or 
more  lead  lines  to  the  receiving  tank.  It  is  customary  to  use 
two  sets  of  tanks,  the  first  to  collect  the  oil,  water  and  whatever 
sediments  may  be  brought  up  by  the  pump  (flow  tanks)  (Fig. 
119);  the  sediments  and  water  are  drawn  oS  through  drain  holes 
located  near  the  bottom  of  the  tank,  and  the  oil  is  run  into  another 
tank  (receiving  tank).  The  oil  on  a  large  lease  is  collected  at 
several  places  and  from  the  various  points  brought  by  gravity 
to  the  main  tank,  from  which  the  purchasing  company  runs  the 
oil  into  their  pipe  lines,  after  having  drawn  of!  the  water  and 
sediments  and  gauging  the  amount  of  oil  thus  stored. 


CHAPTER  XVI 
GAUGING   OIL  AND   GAS   WELLS 

A  REPRESENTATIVE  of  the  purchasing  company  known  as  the 
gauger  determines  the  amount  of  oil  that  is  in  the  tank.  After 
the  water  and  sediments  have  been  drawn  off,  he  inserts  a  rod 
graduated  to  quarter  inches,  by  means  of  which  the  number  of 
inches  of  oil  in  the  tank  is  found.  This  information  enables  us 
to  compute  the  number  of  barrels  in  a  tank  if  its  exact  size  is 
known.  Tanks  used  for  such  purposes  are  measured  or 
"strapped"  by  the  purchaser's  engineer,  who  determines  the  size 
and  computes  a  table  from  which  the  number  of  barrels  per  inch 
can  be  calculated. 

Wooden  tanks  built  up  of  staves  and  held  together  by  means 
of  hoops  when  moved  about  and  set  up  at  various  points  will 
not  be  the  same  size  at  all  times,  and  for  this  reason  it  is  neces- 
sary that  all  tanks  used  for  gauging  purposes  should  be  strapped. 
When  the  measurements  have  been  made  the  tank  is  numbered, 
and  the  position  of  the  hoops  are  clearly  marked  by  a  white- 
washed line  so  that  if  any  of  them  are  displaced  they  may  be 
noticed.  As  wooden  tanks  are  smaller  at  the  top  than  at  the 
bottom,  the  amount  of  oil  at  a  distance  of  one  inch  will  vary  and 
be  more  at  the  bottom  than  at  the  top.  For  instance,  in  a  250- 
barrel  wooden  tank,  an  inch  of  oil  at  the  top  will  indicate  about 
2^  barrels  of  oil;  at  the  bottom  about  2f  barrels;  for  a  rough 
estimate  25  barrels  of  oil  per  inch  may  be  considered  a  good 
average.  Iron  and  steel  tanks  being  cylindrical  the  ratio  of 
the  number  of  barrels  per  inch  will  be  the  same  at  any  point. 

The  gauger  determines  the  temperature  and  the  number  of  bar- 
rels of  oil  in  the  tank  and  allows  the  oil  to  run  into  the  line,  in 
•which  the  oil  is  carried  either  by  gravity  or  pumped  to  the 
storage  tanks.     It  is  advisable  to  run  the  oil  at  as  frequent 
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intervals  as  possible  to  prevent  the  evaporation  of  large  amounts 
of  oil.  The  producer  is  given  a  memorandum  (Fig.  120)  and  a 
similar  one  is  retained  by  the  gauger  and  turned  in  at  head- 
quarters. In  the  winter  many  oils  become  so  heavy  that  it  is 
necessary  to  "steam"  them  before  they  can  be  run. 
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Fig.  120.— Oil  Run  Ticket. 


The  volume  and  efficiency  of  a  gas  well  depends  upon  the 
static  and  dynamic  pressures  existing  in  a  well.  The  dynamic 
pressure,  which  is  the  open  flow  volume  is  measured  with  a 
Pitot-tube,  which  is  a  U-tube,  equipped  with  a  scale  of  inches 
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divided  into  tenths,  the  zero  point  being  half-way  along  the 
tube  and  the  graduations  extending  in  both  directions  from  it. 
The  tube  is  filled  with  water  or  mercury  so  that  the  level  of  the 
liquid  on  each  side  of  the  scale  will  be  at  zero.  (Fig.  121.)  By 
means  of  proper  adjustable  fittings  the  gauge  is  held  over  the 


Fig.  121. — ritot-tubc  or  L-gaugc. 


escaping  gas  from  the  well  so  that  the  pressure  of  the  flowing 
gas  may  be  indicated  by  the  distance  between  the  different 
levels  of  the  liquid  in  the  U-tube  caused  by  such  pressure. 
By  referring  to  a  table  the  size  of  the  gas  well's  volume  may  be 
computed  if  the  diameter  of  the  opening  of  the  well  mouth  is 
known.  ■» 
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The  static  pressure,  which  is  the  so-called  closed  or  "rock- 
pressure,"  may  be  determined  when  the  well  is  properly  fitted 
up  so  that  an  ordinary  steam  gauge  (Fig,  122)  may  be  so  con- 
nected that  it  will  indicate  the  pressure  of  the  well.  The  rock 
pressure  of  a  well  is  the  ultimate  pressure  that  is  recorded  by 
such  a  steam  or  spring  gauge.  . 

The  actual  procedure  in  measuring  the  open  flow  volume 
of  a  well  is  as  follows:  allow  the  well  to  "blow  off"  to  its  natural 
pressure,  hold  the  Pitot-tube  or  U-gauge  on  level  with  the  top 
of  the  opening  about  one- third  of  the  way  in;  note  the  number 
of  inches  between  the  levels  of  the  liquid  on  each  side  of  the  tube, 
also  determine  the  size  of  the  opening. 
For  instance,  if  the  liquid  which  we  are 
using  in  the  tube  is  water,  and  is  held 
over  the  flow  of  gas,  we  note  that  the 
liquid  has  been  depressed  five  inches  on 
one  side  and  raised  five  inches  on  the 
.other  the  total  distance  between  levels 
will  be  ten  inches,  and  the  size  of  the 
casing  through  which  the  gas  is  escap- 
ing is  four  inches  in  diameter,  then 
referring  to  our  table,  under  ten  inches 

of  water  through  a  4-mch  opening  we    Fi<>- "^.-Steam  or  Spring 
find  the  figure  1,904,640,  which  will  be 

the  number  of  cubic  feet  of  gas  flowing  out  of  the  well  in  twenty- 
four  hours.  If  mercury  instead  of  water  is  used,  the  same 
number  of  inches  of  mercury  through  a  4-inch  opening  will  be 
seen  to  be  7,038,720  cubic  feet  per  twenty-four  hours.  If  the 
size  of  the  well  is  too  great,  so  that  neither  water  nor  mercury  can 
be  used,  the  steam  gauge  may  be  employed  by  holding  it  over 
the  opening  in  the  same  manner  as  we  hold  the  Pitot-tube;  the 
volume  of  the  well  may  be  determined  by  noting  the  number  of 
pounds  indicated  by  the  gauge,  and  the  volume  computed  from 
the  table  similarly  as  with  water  and  mercury.  Thus  if  the 
gauge  indicates  25  pounds  through  a  4-inch  opening,  the  volume 
will  be  shown  by  the  table  to  be  13,678,080  cubic  feet  of  gas  per 
twenty-four  hours. 
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To  determine  the  closed  pressure  of  a  well  it  is  best  to  allow 
the  well  to  blow  down  to  its  natural  pressure  also,  that  all  the 
water  in  it  may  be  blown  off,  which  otherwise  would  retard  the 
gas;  then  the  steam  or  spring  gauge  is  to  be  screwed  in  place 
and  the  well  shut  in,  then  the  pressure  noted.  It  is  customary 
to  note  the  number  of  pounds  pressure  as  indicated  by  the 
gauge  at  the  end  of  each  minute  for  several  minutes,  also  noting 
the  final  pressure,  which  in  some  wells  may  be  reached  in  a  few 
minutes,  while  in  others  it  may  take  twenty-four  hours  or  more 
before  the  total  pressure  is  obtained.  This  will  be  the  closed  or 
rock  pressure  of  the  well. 

The  pressure  of  a  well  at  the  end  of  the  first  minute  may  also 
be  used  to  estimate  the  open-flow  volume  of  a  well  and  a  close 
approximation  may  be  obtained  by  the  following  method:  add 
15  pounds  to  the  gauge  reading,  then  multiply  by  the  depth  of 
the  well,  times  one-half  the  square  of  the  diameter  of  the  tubing 
in  the  well;  the  resulting  figure  will  be  the  volume  of  the  well. 
This  approximation  will  in  all  cases  be  less  than  the  actual  volume 
of  the  well.  If  the  diameter  of  the  tubing  is  not  constant  the 
entire  depth  of  the  well,  separate  calculations  must  be  made 
for  each  different  diameter  to  the  entire  depth  of  the  well,  and 
the  separate  results  are  to  be  added  together. 

In  order  to  realize  the  value  of  a  gas  well  one  must  have  a 
thorough  understanding  of  the  difference  between  open-flow 
volume  and  closed  pressure.  It  is  a  common  occurrence  to  hear 
people  say  that  a  well  is  a  big  one,  as  the  pressure  is  500  pounds 
to  the  square  inch ;  and  this  is  the  most  common  information  one 
hears  about  gas  wells,  and  such  data  are  of  no  value  unless  the 
open  flow  volume  is  also  obtained.  It  has  been  stated  in 
another  chapter  that  the  rock  pressure  has  a  certain  relation  to 
depth,  and  it  will  be  noticed  that  in  a  new  field  wells  in  the 
same  sand  will  have  approximately  the  same  rock  pressure; 
and  of  two  wells  offsetting  each  other,  one  may  make  100,000  cubic 
feet  of  gas  per  day,  and  the  other  5,000,000  cubic  feet  during  the 
same  time;  both  will  have  the  same  rock  pressure,  yet  one  is  a 
big  well  and  the  other  very  light.  Of  two  wells  having  the  same 
open-flow  volume  but  different  pressures,  the  one  with  the  greater 
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_^--        Table  IV 

CALCULATED  OPEN  FLOW  VOLUME  OF  GAS  WELL,  FROM  FIRST 
MINUTE  PRESSURE 

P= Pressure; 

C= Constant  (15  lbs.);  Formula 

D=  Diameter  of  hole;  •     »         (P+OXlX—^V. 

F= Volume.  • 

More  accurate  results  will  be  obtained  if  the  following  figures  are  used  for 

—  (which  are  somewhat  larger) : 

2 


For  a  diameter  of  i" 

use      .55 

Si" 

use  17.26 
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2.19 
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4.91 
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21.31 
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S.76 
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Example.  The  total  depth  of  a  well  is  i25aCfeet  and  finished  up  with  si-inch 
hole.  Bottom  of  2-inch  tubing  120  feet  above  bottom  of  hole,  total  length  of 
tubing  therefore  11 30  feet.  Spring  gauge  pressure  at  the  end  of  first  minute 
320  lbs.     Calculate  op)en-flow  volume  of  well  from  these  figures. 

(P+C)XLX— =F; 
2 

(i)  2"  tubing  320+15X1130X2.19=    829,025 

(3)  5I"  below  tubing  320+15X120X17-26=    693,85a 


1,522377  cu.  ft.  per  24  hours. 

pressure  will  feed  more  gas  onto  a  gas  line  than  will  the  other, 
and  therefore  will  be  more  valuable.  Pressure  is  required  to  put 
gas  on  a  line  which  also  has  a  pressure,  and  high-pressure  gas 
lines  may  carry  from  100  to  300  pounds  of  line  pressure,  and  in 
order  that  a  well  may  put  gas  on  that  line  it  will  have  to  have  a 
greater  pressure  than  that  of  the  gathering  line.  It  must  also 
be  remembered  that  the  volume  of  a  gas  well  as  determintxl  by 
the  Pitot-tube  will  not  be  equal  to  the  volume  that  it  will  put  on 
a  line  against  pressure;  such  a  volume  depends  upon  the  size  of 
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the  well,  its  rock  pressure  and  the  line  pressure  against  which  the 
well  is  working. 

Where  large  operators  use  gas  compressors,  the  volume  of  a 
well  is  the  main  consideration,  as  the  compressors  enable  the 
keeping  of  the  line  pressure  down,  allowing  wells  with  small 
rock  pressure  to  deliver  their  gas  onto  the  line. 

Wells  are  in  the  care  of  well  blowers,  who  visit  each  well 
frequently,  and  note  the  pressure  as  well  as  blow  off  accumulated 
water  and  watch  the  actions  of  the  well. 

A  word  of  caution  against  the  ordinary  information  gained 
regarding  the  size  of  gas  wells,  as  the  smallest  volume  well  will 
make  considerable  noise  or  whistle  if  suddenly  opened  up  after 
being  shut  in  for  any  length  of  time,  and  such  action  will  convey 
the  impression  to  the  uninitiated  that  it  is  a  large  well,  but  that 
may  not  be  the  case  and  all  such  information  should  be  verified 
wherever  possible  by  allowing  the  pressure  of  the  well  to  blow 
down  and  then  properly  gauging  it.  Small  and  shallow  wells 
when  left  open  for  one-half  or  one  hour  will  blow  down  sufficiently 
for  proper  gauging.  Deeper  and  larger  wells  should  be  allowed 
to  blow  anywhere  from  sLx  to  twenty-four  hours,  as  it  may  be 
possible  that  it  will  take  all  that  time  for  it  to  blow  down ;  some- 
times gas  may  find  lodgment  in  an  upper  sand  and  until  such  a 
sand  is  exhausted  the  true  volume  of  the  producing  sand  cannot 
be  determined. 

Never  gauge  a  well  through  an  opening  in  a  gate," as  such  open- 
ings are  not  as  large  as  the  size  of  the  gate  would  indicate. 
Thus  a  2-inch  gate's  opening  will  not  be  circular,  but  in  the 
neighborhood  of  one  inch  by  two  inches  long;  try  to  keep  con- 
siderable distance  from  any  fittings,  and  it  is  best  to  carry  a 
2-inch  nipple  or  better  still  a  2-inch  pipe  and  gauging  through 
that. 


CHAPTER  XVII 
INCREASING  PRODUCTION 

In  an  attempt  to  get  the  full  benefit  of  the  oil  or  gas  in  the 
pay  sand,  it  requires  careful  attention  and  the  employment  of 
such  handling  as  will  bring  the  desired  results. 

The  ordinar\'  methods  require  that  the  wells  be  taken  care  of 
in  a  proper  manner,  and  under  such  handling  the  production 
from  oil  wells  is  obtained  so  long  as  the  gas  pressure  is  sufficient 
to  move  the  oil  from  the  rocks  into  the  well.  When  the  ordinary 
methods  fail  in  further  production,  various  means  are  at  hand 
with  which  an  increase  in  the  production  may  be  brought  about. 

From  the  facts  mentioned  in  connection  with  the  theoretical 
and  the  effective  porosity,  it  will  be  noted  that  only  a  small 
p)ercentage  of  the  total  amount  of  oil  in  a  given  sand  is  removed, 
while  the  greatest  portion  of  it  will  remain  in  the  sand  owing 
to  the  fact  that  the  general  method  of  recovery,  which  is  by 
means  of  pumping,  is  not  sufficient  to  recover  the  total  amount 
of  oil  from  the  sand.  As  long  as  gas  pressure  is  greater  than 
the  ordinary  atjnospheric  pressure,  such  pressure  wiU  move 
the  oil  towards  the  opening,  but  when  it  has  declined  so  that  it 
is  unable  to  bring  the  oil  with  it,  several  systems  are  put  in  use 
in  order  to  assist  or  reproduce  the  pressure  pre\'iously  existing 
in  the  sand.  For  this  purpose  the  various  processes  that  have 
been  employed  are:  the  use  of  vacuum,  flooding,  introduction 
of  compressed  air  or  compressed  gas;  in  each  case  it  will  be 
noted  that  the  resulting  pressure  is  the  main  factor  that  is 
employed. 

One  of  the  oldest  methods  is  the  application  of  vacuum,  by 
means  of  which  the  pressure  at  the  wells  b  decreased,  which 
allows  the  gas  that  may  be  in  the  oil  to  expand  and  work  against 
smaller  atmospheric  pressure,  thereby  permitting  the  flow  of  oil 
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into  the  well.  Although  production  may  be  increased  by  this 
method  its  effect,  however,  is  but  temporary  and  the  only 
reason  for  its  emplo>Tnent  is  the  fact  that  the  increased  gas 
production  may  be  utilized  for  gasoline,  as  such  gases  are  higher 
in  gasoline  content  than  the  original  casing-head  gas,  the  other 
item  being  the  increased  production  of  the  oil. 

Flooding  has  been  employed  in  several  instances,  the  most 
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Fig.  123. — Effects  of  flood  water  and  arrangement  of  wells  drilled  to  utilize  flood 
water  pressure.    (Bureau  of  Mines  Technical  Paper  51.) 

notable  being  the  case  of  Bradford,  Pa.,  where  the  system  has 
been  used  with  success,  and  the  increased  production  of  oil  is 
obtained  by  allowing  water  to  enter  the  sand,  generally  through 
a  well  down  the  dip,  and  as  the  sand  is  being  filled  with  the  water 
the  oil  is  gathered  in  front  of  it  and  carried  further  up  the  dip 
into  the  wells  that  are  located  there.  (Fig.  123.)  The  system 
is  not  recommended  very  highly,  not  only  as  it  has  been  used 
successfully  in  but  one  case,  but  also  because  the  flooding  will 
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practically  end  the  usefulness  of  such  a  sand,  and  as  other 
methods  of  greater  promise  may  be  tried  that  offer  a  chance  for 
greater  increase  in  production  but  which  cannot  be  used  after 
the  sand  has  been  so  flooded. 

Another  method  in  which  w^ater  also  plays  a  part  has  been 
patented  by  R.  H.  Johnson  (Patent  No.  1,083,018),  which 
consists  in  drilling  the  hole  through  the  oil  sand  into  the  water 
sand  (where  both  occur  in  the  same  reservoir  and  the  pressure 


•  Pumpinir  Well  \ 

<S  Air  Well 

Fig.  124. — Diagram  showing  distribution  and  spacing  of  air  and  pumping  well 
under  ideal  conditions  on  a  square  160-acre  tract.  (Bureau  of  Mines  Bulletin 
148.) 


has  been  reduced).  Then  by  pumping  rapidly  a  cone-shaped 
gradient  is  set  up  in  the  water  table  around  the  well,  which  will 
aid  the  movement  of  oil  inward.  (Johnson  and  Huntley,  "  Princi- 
ples of  Oil  and  Gas  Production.") 

The  most  successful  method  so  far  employed  is  the  intro- 
duction of  air  or  gas  under  pressure  into  the  sand  through  small 
or  abandoned  wells  properly  fitted  up  to  take  the  compressed 
gas,  or  air  (air  holes)  (Fig.  124)  and  an  attempt  in  reproducing 
the  rock  pressure  in  the  sand  is  made.   The  air  or  gas,  being  under 
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pressure,  will  force  the  oil  through  the  sand  and  into  the  wells. 
The  use  of  air  or  gas  depends  upon  the  circumstances  that  may 
exist,  and  both  have  their  advantages  and  disadvantages. 

In  the  case  of  gas,  it  is  best  employed  where  a  large  amount  of 
it  is  on  hand,  otherwise  the  process  would  be  expensive;  its 
point  in  favor,  however,  is  the  fact  that  a  gas  so  introduced 
may  be  regained  and  be  richer  in  gasoline  contents,  which  may  be 
removed  and  the  gas  utilized  again  and  this  process  repeated; 
that  is,  a  gas  from  some  well  may  be  compressed  and  introduced 
into  the  wells  and  recovered  richer  in  gasoline,  the  gasoline 
extracted,  the  gas  again  compressed  and  used  in  the  wells  again, 
sent  through  the  same  process. 

In  case  where  compressed  air  is  used  instead  of  gas,  naturally 
air  is  easily  procurable  and  compressed  under  most  every  con- 
dition. The  disadvantage  lies  in  the  fact  that  any  gas  remaining 
in  the  oil  will  be  rendered  valueless  for  gasoline  or  any  other 
purposes  if  mixed  with  the  compressed  air,  and  the  gravity  of 
the  oil  as  well,  may  be  lowered. 

The  value  of  both  methods  is  the  greatest  when  used  in  a 
porous  lenticular  bed,  and  in  such  cases  production  that  has 
fallen  down  to  a  barrel  has  been  increased  and  in  many  cases  a 
production  of  30  or  3 5  barrels  per  day  has  been  obtained.  Another 
disadvantage  of  the  process  is  the  fact  that  it  is  impossible  to 
control  the  action  of  the  compressed  gas  or  air  in  the  wells,  thus 
the  adjoining  property  may  reap  as  much  benefit  from  it  as  the 
installer,  and  there  are  instances  where  the  user  of  the  system 
did  not  reap  the  benefit  of  his  work,  while  another  lease  at  con- 
siderable distance  has  been  greatly  improved.  Sometimes  the 
current  of  air  or  gas  will  find  a  short  cut  or  "break  through" 
without  going  through  the  required  sand;  in  such  cases  the  air 
or  gas  is  used  without  good  results.  The  methods  have  proved 
of  great  success  in  porous  lenticular  sands,  but  without  much 
success  in  limestone. 

The  gas  or  air  is  compressed  and  sent  through  the  air  holes 
into  the  sand  and  this  process  is  kept  up  at  all  times  without 
stopping.  In  some  cases  the  looked-for  results  have  been  noticed 
in  a  few  hours  after  the  installation  of  the  plant,  while  in  others 
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it  showed  good  effects  only  after  months  of  continued  work, 
but  it  may  be  said  that  the  advantages  greatly  exceed  the  dis- 
advantages, and  so  far  it  is  the  most  promising  method  devised. 
It  is  claimed  that  it  has  proved  of  value  in  75  f>er  cent  of  the  cases 
employed.  So  far  the  system  has  been  used  mostly  around  the 
southeastern  part  of  Ohio,  having  originated  around  Marietta, 
Ohio,  and  is  known  as  the  Smith  &  Dunn  process,  after  the 
originators,  who  have  installed  many  plants  and  put  the  process 
to  practical  test. 

In  case  of  increased  recovery  of  gases,  we  have  fewer  methods 
at  our  disp)osal,  inasmuch  as,  when  a  gas  well  so  declines  that 
it  necessitates  artificial  methods  of  increasing  the  output  of 
wells,  such  wells  are  really  of  no  great  value;  however,  the 
vacuum  method,  used  similarly  as  employed  for  oil  extraction, 
has  been  tried,  but  without  much  success,  and  can  best  be  used 
only  in  connection  with  a  gasoline  proposition.  The  use  of 
vacuum  has  been  in  courts  in  various  parts  of  the  country  and 
its  legal  standing  is  not  clear  even  at  the  present  day. 

The  only  practical  method  is  the  storage  of  gas,  which  b 
really  not  an  increased  recovery-  method,  but  consists  simply 
in  the  storing  of  gas  in  abandoned  wells,  through  which  it  is 
stored  in  the  exhausted  sands,  so  that  in  case  of  hea\y  gas  con- 
sumption the  storage  wells  may  be  utilized  to  assist  the  producing 
wells,  so  that  the  two  used  together  may  supply  sufficient  gas 
during  a  cold  spell  wherever  needed.  (Fig.  1 25.)  This  method  has 
been  discussed  by  the  writer  in  Bulletin  145  of  the  American 
Institute  of  Mining  Engineers,  and  the  other  methods  above 
described  have  been  explained  at  length  by  J.  O.  Lewis  in  Bulletin 
148  of  the  Bureau  of  Mines. 

In  this  connection  the  recovery  of  oil  from  shales  may  be 
mentioned.  Great  deposits  of  shales  have  been  prospected  with 
view  of  obtaining  oil  from  them  by  a  method  of  destructive 
distillation,  in  hopes  that  the  source  of  oil  supplies  of  the  United 
States  may  be  increased.  Along  these  lines  V.  Ziegler  says:* 
"These  shales  do  not  actually  carry  oil  or  gas  as  such.  They 
contain  organic  materials  such  as  partially  altered  plant  remains 

•  Victor  Ziegler,  "  Popular  Oil  Geology." 
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^^^^^ 


HiBh  Pressure  Line 


Producing  Gas  Field 


Town  Plant 


Regulator  i 


Exhausted  Gas  Field 
used  for  Storage 


Fio.  125.— Principle  of  Natural-Gas  Storage.     (L.  S.  Panyity  in  Bulletin  145 
American  Inst,  of  Mining  Engineers.) 
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which  are  broken  up  into  oil  and  gas  when  subjected  to  heat." 
This  is  really  a  manufacturing  process  and  devoid  of  the  uncer- 
tainties of  the  oil  producer,  and  for  the  purpose  of  producing 


W».U'  »f»  nl  ><hi.U 


OH.  SHALE  PRODUCTS 

1.  Om*0i>*li>l7  B*«d  u  fael) 

1.  Crude  Oil 

S.  Snlpbat*  of  Ammonia 

4.  Chi7»«a* 
».  Nsptka 

«.  Motor  Spirit  or  Patral 

T.  OmOU 

5.  Baraiiv  Oil  No.1 
•.  Bamrn«  Oil  No.! 

10.  Lisht  OU  I"'*"' 

<<  ™^     ^vii  medial 

U.  BlD0  Oil  Qn 

U.  Hoarr  Oil 

13.  LabricatioK  Oil 

U.  FarmlBaWkx 

U.  Tar 

16.  Coke 

A-  Solpharie  acid  imoTefd  (ron  Tan 

V-  Vitriol  or  pare  acid  added  to  A  in 
lfi.vi.ij  Ammonia  Salpbat« 


Fig.  1 26. — Diagram  illustrating  proces.ses  of  manufacture  in  the  Scottish  mineral' 
oil  industry.     (U.  S.  G.  S.  Bui.  691-B.) 


oil  in  that  manner  or  in  investing  in  such  enterprises  it  should 
not  be  confused  with  the  well-known  oil  and  gas  producing 
methods.     (Fig.  126.) 


CHAPTER  XVIir 
THE  PRODUCER  AND   LANDOWNER 

The  relation  existing  between  the  petroleum  miner  and  the 
land  owner  is  the  same  as  that  of  one  business  man  to  another. 
The  producer  believing  that  certain  land  may  be  of  value  as  an 
oil  or  gas  prospect  will  make  arrangements  with  the  owner  of  the 
land  according  to  terms  that  may  be  mutually  agreeable. 

Although  different  processes  are  in  existence,  such  as  drilling 
upon  government  land,  or  claims,  pr  upon  lands  of  people  over 
whom  the  government  holds  a  position  of  guardianship,  still, 
in  the  majority  of  cases  the  arrangements  that  take  place  are  by 
means  of  the  leasing  process  or  by  buying  the  property  outright. 
In  the  leasing  process  an  agreement  is  reached  between  the 
prospector  and  the  landowner  wherein  the  prospector  agrees  to 
either  drill  a  well  within  a  stipulated  time,  or  pay  a  fee,  generally 
per  acre  until  such  a  well  is  drilled,  and  if  not,  the  lease  is  to  be 
surrendered  by  him.  For  this  privilege  he  agrees  to  give  the 
landowner  a  royalty,  generally  one-eighth  of  the  oil  produced 
from  wells  on  his  land  if  it  be  an  oil  well,  and  in  case  of  gas  wells, 
he  may  pay  a  well  rental  of  so  much  per  year,  or  sometimes  he 
pays  according  to  the  size  of  the  well,  and  such  payments  are  to 
continue  and  all  royalty  be  paid  during  the  commercial  life  of  the 
wells. 

Naturally,  the  value  placed  upon  a  lease  varies,  thus  a  prop- 
erty close  to  production  will  command  a  higher  price  than 
will  one  far  removed  or  in  "wild-cat"  territory.  Prices  are 
generally  the  greatest  during  an  oil  excitement,  and  if  large 
amount  of  territory  is  found  open  around  a  discovery  well,  in 
such  cases  prices  of  all  kinds  are  asked  and  paid  during  the  heat 
of  the  excitement,  and  as  good  property  may  be  obtained  at  a 
small  sum,  many  worthless  ones  receive  fabulous  prices.    In  such 
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Practical  Form  No.  id 


LEASE  No. 


OIL  AND  GAS  LEASE 
From 


To 
THE CO. 


Date 

.     .  .                 lO 

Term 

Years 

No.  Acres . 

Township. 

Countv 

Received 

at 

o'clock  . . . . 

...   .                  M. 

Recorded. , 

lO 

in 

County,  . . . 

Record  of  Leases, 

Vol 

...Page 

Recorder's 

Fee,$. 



Recorder. 

RELEASE 

THE CO.,  Lessee,  having  paid  to  the  Lessor 

one  dollar  and  all  amounts  due  hereunder,  and  having  elected  to  surrender 
the  within  lease  and  all  its  rights  thereunder,  does  hereby  surrender  and  can- 
cel the  same  and  hereby  endorses  its  surrender  hereon. 

In  witness  whereof,  it  has  hereunto  set  its  hand,  this 

day  of 

A.  D.  19 

Witness:  THE CO., 


Per. 
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THE  STATE  OF J 

jss. 
COUNTY  OF .^ J 

Personally  appeared  before  me,  a 

in  and  for  said  County, 


who 

acknowledged  the  signing  of  the  fore- 
going instrument  to  be voluntary  act  and  deed  for  the  uses 

and  purposes  therein  mentioned. 

In  testimony  whereof,  I  have  hereunto  set  my  hand  and  affixed  my 
notarial  seal  this day  of 


.A.  D.  19. 


THE  STATE  OF. 


COUNTY  OF. 


ss. 


Personally  appeared  before  me,  a . 
in  and  for  said  County, 


who 

acknowledged  the  signing  of  the  fore- 
going instrument  to  be voluntary  act  and  deed  for  the  uses 

and  purposes  therein  mentioned. 

In  testimony  whereof,  I  have  hereunto  set  my  hand  and  affixed  my 
notarial  seal  this day  of 


.A.  D.  19. 
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THIS  AGREEMENT,  made  and  entered  into  this day 

of.  r. .  r. ,  A.  D.  191 . .,  by  and  between 

hereinafter  called  the  Lessor, 

and ,  a 

corporation,  called  the  Lessee. 

WITNESSETH:  That  the  said  Lessor,  in  consideration  of  the  sum  of 
one  dollar,  the  receipt  of  which  is  hereby  acknowledged  and  of  the  covenants 
and  agreements  hereinafter  contained,  does  hereby  grant  unto  the  Lessee 
all  of  the  oil  and  gas  and  all  of  the  constituents  of  either,  in  and  under  the 
lands  hereinafter  described,  together  with  the  exclusive  right  to  drill  for, 
produce  and  market  oil  and  gas  and  their  constituents  and  also  the  right  to 
enter  thereon  at  all  times  for  the  purpose  of  drilling  and  operating  for  oil, 
gas  and  water  and  to  possess,  use  and  occupy  so  much  of  said  premises  as  is 
necessan.'  and  convenient  in  removing  the  above  named  products  therefrom, 
by  pipe  lines  or  otherwise,  for  a  term  of  twenty  (20)  years  and  so  much 
longer  thereafter  as  oil,  gas,  or  their  constituents  are  produced  in  paying 
quantities  thereon,  all  of  that  certain  tract  of  land  situate  in  Section  No. 

,  Township  of ^ , 

County  of and  State 

of ,  bounded  substantially  as  follows: 

On  the  North  by  lands  of 

On  the  East  by  lands  of 

On  the  South  by  lands  of 

On  the  West  by  lands  of 

containing 

( . .- )  acres,  more  or  less,  being  all  the  land  owned  by  Lessor 

in  said  Township.   It  being  understood,  however,  that  no  well  shall  be  drilled 

within feet  of  the  barn  or  dwelling  on  said  premises 

without  the  consent  of  Lessor. 

In  consideration  of  the  premises  the  said  parties  covenant  and  agree 
as  follows: 

Lessee  to  deliver  to  the  Lessor  in  tanks  or  pipe  lines  one  eighth  (J)  of 
the  oil  produced  and  saved  from  the  premises  and  to  p>ay  for  the  product  of 
each  gas  well  from  the  time  and  while  gas  is  marketed  an  annual  rental  of 

Dollars  ($ ), 

payable  annually. 

Lessee  to  drill  a  well  on  said  premises  within 

from  this  date  or  pay  to  Lessor 

Dollars  ($ )  each 

thereafter  until  such  well  is  drilled  or  this  lease  surrendered.    If  a  gas  well 
be  completed  before  the  end  of  the  term  for  which  rental  has  been  paid  for 
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delay,  the  unearned  portion  of  said  rental  shall  be  a  credit  on  the  gas  well 
rental. 

Lessee  to  bury,  when  so  requested  by  Lessor,  all  pipe  lines  used  to  con- 
duct gas  or  oil  off  the  premises  and  to  pay  all  damage  to  growing  crops 
caused  by  operations  under  this  lease. 

Lessor  may  lay  a  line  to  any  gas  well  on  said  lands  and  take  gas  produced 
from  said  well  for  use  for  light  and  heat  in  one  dwelling  house  on  said  land, 
at  Lessor's  own  risk,  subject  to  the  use  and  the  right  of  abandonment  of 
the  well  by  Lessee.  The  first  two  hundred  thousand  cubic  feet  of  gas  taken 
in  each  year  shall  be  free  of  cost,  but  all  gas  in  excess  of  two  hundred  thousand 
cubic  feet  taken  in  each  year  shall  be  paid  for  at  the  current  published  rates 
of  the  Lessee  in  the  town  nearest  the  f>remises  above  described  and  the 
measurement  and  regulation  shall  be  by  meter  and  regulators  set  at  the 
tap  on  the  line.  This  privilege  is  upon  condition  that  Lessor  shall  subscribe 
to  and  be  bound  by  the  reasonable  rules  and  regulations  of  the  Lessee  relating 
to  the  use  of  free  gas. 

It  is  agreed  that  said  Lessee  may  drill  or  not  drill  on  said  land,  as  Lessee 
may  elect,  and  that  the  consideration  and  rentals  paid  and  to  be  paid  con- 
stitute adequate  compensation  for  such  privilege.  Should  it  be  determined 
that  Lessor  is  not  the  owner  of  the  entire  tract  above  described,  then  and 
thereupon  Lessor  shall  receive  a  proportional  amount  in  accordance  with 
the  rentals  and  royalties  for  any  fraction  of  the  above  premises  so  owned. 

Payment  of  all  moneys  due  on  this  lease  may  be  made,  by  cash  or  check, 

to ;   by  deposit  to 

credit  in  The 

Bank  of ;  or  by 

check  made  payable  to order  and  mailed 

to at 

Lessor  agrees  that  Lessee  is  to  have  the  privilege  of  using  sufficient  oil, 
gas,  or  water,  for  fuel,  in  operating  premises  and  the  right  at  any  time  to 
remove  any  machinery  or  fixtures  placed  on  said  premises  and  further, 
upon  the  payment  to  the  Lessor  of  one  dollar  and  all  amounts  due  hereunder, 
said  Lessee  shall  have  the  right  to  surrender  this  lease  or  any  portion  thereof 
by  written  notice  to  Lessor  describing  the  portion  of  the  above  tract  that  it 
olects  to  surrender  or  by  returning  to  Lessor  the  lease  with  the  endorsement 
of  surrender  thereon  or  recording  the  surrender  of  this  lease  on  the  margin 
of  the  record  hereof,  either  of  which  shall  be  a  full  and  legal  surrender  of 
this  lease  to  all  of  said  tract  or  such  portion  thereof  as  said  surrender  shall 
indicate  and  a  cancellation  of  all  liabilities  under  same  of  each  and  all 
parties  hereto,  to  the  extent  indicated  on  said  surrender,  and  the  acreage 
rental  hereinbefore  set  forth  shall  be  reduced  in  proportion  to  the  acreage 
surrendered. 
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All  covenants  and  conditions  between  the  parties  hereto  shall  extend 
to  their  heirs,  executors,  successors  and  assigns  and  the  Lessor  hereby 
warrants  and  agrees  to  defend  the  title  to  the  lands  herein  described; 
Lessor  further  agrees  that  the  Lessee  shall  have  the  right  at  any  time  to 
redeem  for  Lessor,  or  otherwise  acquire  by  payment,  any  mortgages  or 
any  other  liens  upon  the  above  described  lands  which  in  any  manner  affect 
the  Lessee's  interest  therein  in  the  event  of  default  of  payment  by  Lessor 
and  be  subrogated  in  full  to  all  the  rights  of  the  holder  thereof  the  same  as 
if  Lessee  were  the  original  owner  of  said  mortgage  or  lien. 

IN  WITNESS  WHEREOF,  the  parties  hereto  have  hereunto  set  their 
hands  and  seals. 
Signed  and  Acknowledged  in  the  Presence  of: 

(Seal.) 

(Seal.) 

(Seal.) 

(Seal.) 

THE COMPANY, 

By 
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cases  a  geological  knowledge  that  may  be  obtained  cannot 
be  over-estimated.  It  may  be  the  saving  of  large  sums,  and  the^ 
bidder  equipped  with  such  information  is  in  better  shape  than 
is  the  man  whose  system  employs  no  intelligent  methods.  If 
one  is  under  the  influence  of  information  obtained  from  "divining 
rods"  or  "peach  limb"  his  methods  are  absolutely  worthless, 
he  may  save  himself  the  expense  of  obtaining  such  information, 
and  a  handful  of  mud  thrown  upon  a  map  will  indicate  a  desirable 
location  with  just  as  much  accuracy  and  may  be  obtained  at  less 
expense. 

The  various  methods  of  obtaining  oil  or  gas  properties  may 
be  roughly  divided  into  different  classes :  thus  it  is  possible  to  buy 
the  property  outright;  the  value  of  such  transaction  is  that  the 
payment  of  royalty  and  rental  is  avoided,  as  well  as  pa>Tnent  for 
damages  that  may  be  caused  to  the  property  or  crops  on  it. 
The  necessary  tankage  is  reduced  if  many  producing  properties 
are  owned  by  the  producer,  as  the  collecting  of  oil  may  be  made 
at  one  place. 

Another  possibility  is  the  buying  of  the  mineral  rights  under 
a  property,  which  has  the  advantage  of  either  leasing  the  rights 
to  others  and  receive  the  royalty  from  it,  or  in  case  the  produc- 
tion is  by  the  owner,  no  royalty  will  be  paid  by  him,  although  he 
may  be  liable  to  damages  caused  by  his  operation. 

The  other  and  most  common  method  is  the  leasing  of  property 
for  drilling  purposes.  The  methods  and  the  forms  used  differ 
in  various  localities.  The  leases  are  generally  made  out  on 
blank  forms  that  may  be  obtained  in  the  various  localities.  A 
lease  form  is  shown  herewith,  a  study  of  which  will  show  the 
various  possibilities  that  offer  themselves  in  leasing. 

After  a  lease  is  obtained  the  producer  should  have  it 
abstracted,  or  in  other  words,  determine  the  validity  and  the 
rights  of  the  property  owner  as  to  his  title  to  the  land  he  is 
leasing,  whether  he  has  a  clear  title  to  it,  or  if  others,  such  as 
heirs  or  partners,  may  also  have  an  interest  in  the  farm.  In 
some  cases  (minors),  it  is  necessary  that  a  guardian  is  to  be 
Appointed  to  transact  the  business  of  the  deed  owner  and  to 
look  after  his  interest.    In  all  cases  the  lessor's  signature  should 
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show  whether  he  is  single  or  married,  and  if  married  his  wife's 
signature  should  also  be  obtained  and  shown  on  the  lease. 

The  lessor's  signature  should  be  "acknowledged"  before  a 


Fig.  127. — Medium  and  iiigit  I'rcBsure  Gaa  Rcgulatora. 

notary,  and  the  lease  be  recorded  at  the  proper  court  house. 
Leases  generally  carry  a  surrender  clause,  which  is  to  the  effect 
that  if  the  lessee  does  not  drill  the  well,  or  continue  the  payment 
of  the  stipulated  sum  p>er  acre  per  year,  he  is  to  surrender  his 
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rights  in  that  lease  and  return  same  to  the  lessor.  In  other 
words  it  is  a  written  agreement  showing  that  the  lessee  has 
relinquished  his  rights  in  the  lease  and  has  returned  same  to 
the  landowner. 

The  royalty  of  the  landowner  may  be  bought  and  sold  as 
desired.  It  is  sometimes  circulated  that  the  risk  attached  to 
buying  royalties  are  less  than  drilling  for  the  well;  however, 
this  is  not  the  case,  as  if  the  royalty  is  bought  before  the  well 
is  drilled  it  is  of  value  only  should  the  well  be  actually  drilled 
and  proves  to  be  a  good  one,  but  if  the  royalty  is  bought  after 
the  well  is  drilled  and  production  obtained  the  price  of  such 
royalties  v>'i\\  be  in  keeping  with  its  value.  Many  such  one- 
eighth  royalties  are  bought  by  individuals,  then  split-up  into 
many  smaller  portions  and  sold  at  rather  high  prices. 

The  producer  comes  in  contact  with  the  landowner  quite 
often,  as  in  the  course  of  operation  it  may  be  necessar>'  to  lay 
pipe  lines  over  various  farms,  in  order  that  this  may  be  done  a 
right-of-way  must  first  be  bought  at  so  much  p)er  rod.  It  may 
be  necessar>'  to  install  a  gas  pressure  regulator  (Fig.  127),  or  a 
meter  house,  in  all  cases  agreements  are  to  be  reached  with  the 
land-owner.  The  producer  is  also  liable  for  damages  done  to 
the  farm  and  crops  thereon,  and  in  such  cases  the  two  or  their 
representatives  get  together  to  agree  on  the  value  of  the  damaged 
property. 
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GENERAL  SECTION  OF  UNEXPOSED   ROCKS    OF   THE    CARNEGIE 
QUADR.\NGLE,   PA. 

(U.  S.  G.  S.  Bulletin  456) 


Sys- 
tem. 


Formation. 


Name  Given  by  Driller*. 


Geological  Name. 


PotUville . 


I  Ga«  sand ;  Probably    equivalent    to    Home- 

'  j     wood  sandstone  member. 

]  Salt  or  Forty-foot  sand Probably    equivalent    to    Conno- 

[  quenessing  sandstone  member. 


Pocono. 


Mountain  or  Big  Injun  sand. . . 

Squaw  sand. 

Papoose  sand. 

Bitter  Rock  sand. 

Butler  gas,  Butler  Thirty-foot, 

Gas,  Salt,  or  Murrysville  sand. 

(Probably  "  Berea  sand.) 
Hundred-foot    or    Gantz    an^ 

Fifty-foot. 


Probably  equivalent  to  Burgooa 
sandstone  member. 


C«tskm(?) . 


Nineveh  Thirty-foot  sand. 

Snee  (Blue  Monday)  sand. 
Stray-stray  sand,  and  Bowl- 
der sand. 

Third  Stray  or  Gordon  Stray, 
or  Campbell  Run  (?)  sand. 

Third  or  Gordon  sand. 

Fourth  sand. 

Fifth  sand. 


j  [  Bayard  or  Sixth  sand. 

I  '   ? 
Chemung(?)  |  {  Elizabeth  sand. 

I      Warren  first  sand(?). 

;  I  Warren  second  sand  (?). 
i 

Portage  (?). . 
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Table  YL 
generalized  section  of  rocks  in  the  wooster  oil  and  gas 

field,  ohio 

(U.  S.  G.  S.  Bulletin  621-H) 


System. 

Formation. 

Driller's  Name. 

Thickness  | 
in  Feet.     ;           Character. 

Quaternary  (Pleis- 
tocene). 

Glacial  drift. 

Sand  and  gravel. 

0-7S 

Bowlder  clay,  sand, 
pebbles,  shale  frag- 
mentsand  bowlders. 

Cuyahoga  forma- 
tion. 

(?) 

500-650 

Dark  shales  withinter- 
bedded  sandstones 
and  sandy  shales. 

Carboniferous 
(Mississippian). 

Sunbury  shale. 

Black  argillaceous  bi- 
tuminous shale. 

Berea  sandstone. 

Berea  grit. 

30-60 

Medium-grained  grajr 
to  buff-colored  sand" 
stone. 

Devonian  or  Car- 
bonitcious. 

Bedford  shale. 

Ohio  shale. 

1300-1370 

d 

1 

H 

.c 

0 
0 

Cleveland 
shale. 

Black  and  brown 
carbonaceous  shale 
containing  numer- 
ous "iron  stone" 
concretions. 

• 

Chagrin    for- 
mation 

Devonian 

Huron  shale. 

Olentangy  shale. 

Delaware     lime- 
stone. 

Big  lime.* 

1030-1080 

Columbus    lime- 
stone. 

Brown,  blue,  and 
gray  limestones, 
containing     a     few 

Monroe  forma- 
tion. 

thin  sandstone  and 
shale  beds  in  tha 
lower  portion. 

Niagara   1  i  m  e  - 
stone. 

Silurian. 

"Clinton"    for- 
mation. 

Little  lime  proba- 
bly belongs  here 

1 30- 1 sot 
0-30t 

Gray  or  red  sand- 
stone and  dark 
shale,    with    inter- 

Ginton  sand. 

bedded  limeston 
layers. 

"  Medina  "  shale. 

Medina  red  rock. 

o-4ot 

Red  clay  shale. 

*  This  should  not  be  confused  with  the  Big  lime  of  Pennsylvania,  West   Virginia,   and 
Kentucky,  which  is  of  Carboniferous  age. 
t  Figures  added  by  writer. 
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Table  VII 

GENERALIZED  SECTIOM  OF  FORMATIONS  IN  THE  CORSICANA  OIL 

AND  GAS  FIELD,  TEXAS 

(U.  S.  G.  S.  Bulletin  661-F) 


System. 

Series.            Grotip.     |   Fonnation.  |    "^pj^f**    i               Character. 

Quater- 
nary. 

Recent. 

Alluvial  deposits  alon^ 
streams. 

Pleistocene. 

i                         1 

Terrace  deposits. 

Tertiary. 

Eocene. 

Midway  for- 
mation. 

aSO-500 

Micaceous  sandy  clays, 
fine  argillaceous  sands, 
and  limestone  concre- 
tions. 

Golf  (Upper 
Creta- 
ceous). 

Navarro  for- 
mation.* 

1800-aooo 

Light  to  dark  gray  cal- 
careous clay,  sandy  clay, 
and  fine  lentictilar  beds 
of  sand. 

Taylor  marl. 

Massive  calcareous  dav 
marl,  little  or  no  sand, 
and  glauconite. 

Austin  chalk. 

400-500 

Gray  to  white  chalky 
limestone  containing 
some  hard  beds. 

Eagle     Ford 
shale. 

300-400 

Light  to  dark  coIore<L 
shale  or  clay  and  thinly 
laminated  impure  lime- 
stone. 

Woodbine 
sand. 

1  Sand,  sandy  lignitic  clay, 
400-4SO           sandstone,     ferruginous 
sand,  and  clay. 

Comanche 
(Lower 
Creta- 
ceous). 

Washita. 

Denison  for- 
mation. 

I  SO- 200      1  Clay  and  limestone. 

Cretace- 
ous. 

Fort    Worth 
limestone. 

{  Alternating  beds  of  lime- 
^   '*         1     stone  and  marl. 

Preston  for- 
mation. 

50-100 

Calcareous  laminated  clays 
and  impure  limestone. 

Edwards 
limestone. 

300-400 

White  chalky  limestones, 
variously  indurated,  and 
in  places  fine  arenaoeona 
beds. 

Fredericks- 
burg. 

Comanche 
Peak  lime- 
stone. 

Walnut  clay,  j      100- aoo 

! 

Calcareous  clays  and  im- 
pure marly  and  chalky 
limestones. 

Trinity. 

Paluxy  sand. 

j  t  ine-^rained     sand     and 
iJ5-aoo      1     lenticular  beds  of  clay. 

Glen    Rose 
limestone. 

300-500 

Impure  limestone,  marl, 
and  calcareous  shales. 

Travis  Peak  1        ,,„  . 
sand.                     *S*»* 

Conglomerate.  sand, 
sandstone,  shales,  and 
impure  limestones. 

*  The  formations  below  the  Navarro  formation  crop  out  west  of  the  Corsicana  field  and 
dip  under  it.  The  Upper  Cretaceous  formations  have  been  penetrated  by  the  drill  in  this 
field  and  are  known  from  well  records:  the  Lower  Cretaceous  formations  have  not  been 
penetrated  by  the  drill  in  this  field  but  are  known  from  outcrops  and  r/ell  records  west  of 
the  field.  The  data  relating  to  the  Lower  Cretaceous  are  taken  largely  from  a  report 
by  R.  T.  Hill  (Geography  and  geology  of  the  Black  and  Grand  prairies.  Tea.:  U.  S.  GeoL 
Survey  Twenty-first  Ann.  Rept.,  pt.  7,  1901). 
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Table  VIII 


SECTION   OF    FORMATIONS    INVOLVED    IN   THE    HATCHETIGBEE 
,  ANTICLINE,  ALABAMA 

(U.  S.  G.  S.  Bulletin  661-H) 


System. 

Series. 

Group. 

Formation. 

Thick- 
ness in 
Feet. 

.  Lithologic  Character. 

Quater- 
nary. 

Recent. 

Alluvium. 

Clay.  silt,  and  sand  along  pres- 
ent streams. 

Pleisto- 
cene. 

Alluvial  ter- 
race depos- 
its. 

Sand,  gravel,  and  clay. 

Pliocene. 

Citronelle 
formation. 

o-ioo 

Terrace  sand  and  gravel. 

Oligocene. 

Catahoula 
sandstone. 

0-200 

Light-gray  sands,  sandstones, 
and  greenish-gray  siliceous 
clays. 

"Corallime- 
stone." 

0-90 

Limestone,  hard  and  soft  beds 
alternatmg,  composed  in  part 
largely  of  corals. 

Vicksburg. 

Marianna 
limestone. 

0-90 

Limestone,  light  gray  to  white, 
soft,  chalky  ("chimney  rock") 
below,  and  hard.  semicr>'stal- 
line.  cavernous,  (Glendon  lime- 
stone member,  locally  termed 
"horsebonc")  above. 

Tertiary. 

Red     Bluff 
clay. 

30-40 

Glauconitic  clay,  marl,  and  marly 
limestone  below  and  plastic 
greenish-gray  clay  and  gypsif- 
erous  and  in  places  carbona- 
ceous clay  above. 

Eocene. 

Jackson  for- 
mation. 

80-iiS 

Clay,  sand,  and  indurated  mari; 
plastic  bluish-grcen  clay  at 
base,  followed  above  by  me- 
dium fine-grained  sand,  light- 
gray  indurated  marl,  and  plas- 
tic gray  or  greenish-gray  day 
at  top. 

Claiborne. 

Gosport 
sand. 

40-aoo 

Grccnsand  and  indurated  glau- 
conitic sandy  marl  and  sub- 
ordinate beds  of  glauconitic 
clay;  replete  with  shells.- espe- 
cially the  greensand. 
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Thick- 

System. 

Series. 

Group. 

Formation. 

ness  in 
Peet. 

Litholocic  Character. 

Sand,     clay,     indurated     marl. 

sandstones,    and    oyster   beds; 

Lisbon    for- 

40-aoo 

the  sands  are  highly  glauconitic 

mation. 

and  weather  red.     Almost  en- 

tirely   marine;    m   laige  part 

highly  tossiliferous. 

Claiborne. 

Clayrtone,  sandstone,  and  argil- 

laceous sandstone,  light  gray. 

Tallahatta 

greenish  gray,  or  green,  glan- 

buhntone. 

20-300 

conitic.  medium  to  thin  bedded 

noncalcareous.  highly  siliceous. 

in  few  beds. 

Sand,  laminated  sand  and  clay. 

sandy  clay,   and   plastic  clay; 

these    materials    are    light    to 

Hatchetigbee 

formation. 

300-300 

dark  gray  or  gfeenish  gray 
when  fresh,  but  weather  to  yel- 
low or  brown.  A  large  part  ol 
the  formation  is  lignitic,  but  it 
also   contains    numerous   beds 

Eocene. 

of  marine  shells. 

lertiary. 

Grcensand  marl,  sandy  clay,  and 

beds  of  lignite;    in  upper  part 

Bashi  forma- 

80-135 

this  formation  contains  manne 

tion. 

shells    in    abundance     and    in 

Wilcox. 

■ 

lower  part  numerous  thin  beds 
of  lignite. 

Tuscaboma 

140-300 

sands,  gray  in  color  and  con- 

formation. 

taining  several  shell  beds. 

Cla>'s   and    sandy  clays,    indu- 

rated and  in  part  glauconitic. 

Nanafalia 

followed    below   by    light-gray 

formation. 

300-3SO 

sands,   greensands    and  sandy 

td  formation  in  some  places. 

and  marine  shells  are  abundant 

in  upper  part. 

Clay  and  sand  beds,  alternating; 

Naneota  for- 
mation. 

sands  are  gray  and  glauconitic 

Midway. 

tso-aoo 

and  clays  are  dark  gray  to  black 

and  sandy;    marine  sheila  ia 

lower  part. 
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Table  VIII — Continued 


System. 

Series. 

Group. 

Formation. 

Thick- 

ness  in 

Feet. 

Lithologic  Character. 

Eocene. 

Midway. 

Sucamochee 
clay. 

I  GO- 200 

Clay,  dark  brown  to  black,  hard 
and  dense;  shells  abundant  at 
some  places  and  absent  at 
others. 

Tertiary. 

Clayton 
limestone. 

0-2S 

Limestone,  chalky  limestone,  and 
hard  limestone  beds,  white  to 
light  gray  in  color,  in  part 
clayey  and  in  part  sandy.  This 
limestone  is  absent  in  some 
parts  of  southwestern  Alabama. 

Upper 
Creta- 
ceous. 

Ripley     for- 
mation. 

0-ISO 

Sands,  clays,  marls,  and  impure 
limestones;  absent  in  part  of 
southwestern  Alabama,  where 
it  merges  into  Selma  chalk; 
entirely  of  marine  origin. 

Cretace- 

Selma chalk. 

900-1000 

Chalk,  chalky  limestone,  and 
thin  beds  of  pure  hard  lime- 
stone; the  chalk  is  grayish 
white  or  bluish  gray  to  dark 
gray,  in  part  clayey  and  in 
part  sandy. 

ous. 

Eutaw     for- 
mation. 

400-500 

Sands,  laminated  sand  and  clay, 
and  thin  beds  of  lignitic  clays; 
sands  are  marine,  in  part  mas- 
sive and  in  part  cross-bedded. 

Tuscaloosa 
formation. 

300-1000 

Sands,  clays,  and  gravels,  irreg- 
ularly bedded,  nonmarine;  con- 
tain carbonaceous  and  lignitic 
beds  in  upper  part  and  gravel 
in  the  basal  part;  sands  and 
clays  are  gray  to  dark  ^ray  or 
green. 
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Table  DC 

PARTIAL  GENERALIZED  SECTIOX  OF  THE  AUSTIN,  TEX., 
QUADRANGLE • 


System. 


Series  or 
Group. 


Ponnation. 


Kind  of  Material. 


Approxi* 
ntata 
Thick- 
ness. 


Qua  ternary. 


Silt,  sand,  and  gravel. 


Feet. 
0-90 


Neocene. 

Uvalde. 

Gravel. 

0-70 

Tertiary. 

Eocene. 

Lytton. 

Clay,  sand,  and  sandstone. 

300  + 

Black,    slaty,    bituminous   clays    with 

occasional    layers.     Contains    green- 

Webberville. 

sand  particles.     Slightly  impregnated 
oil  and  gas.     The  oil-bearing  forma- 

400^ 

tion  of  the  Corsicana  field. 

Blue,    unctucus    marly    clay    ("joint 

Cretaceous 

Taylor. 

clay  ")  weathering  mto  yellow  subsoil 

S40± 

(Upper). 

and  black  soil. 

Colorado. 


Austin. 


White  chalk,  with  conchoidal  fracture. 
Marly  in  upper  portion. 


410:1: 


Easle  Ford.    '  ^'^'^  '^^^  *'**^  flaggy  limestone.     Oil 
I     traces. 


30± 


•  Hill,  R.  T..  and  Vaughan,  T.  W..  Austin  foUo  (No.  76).  Geol.  Atlas.  U.  S..  U.  S.  (^eoL 
Surrey.  1903. 
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Table  X 

WYOMING  GEOLOGICAL  COLUMN 

Central  Statf  Fields 
(From  Oil  and  Gas  Journal,  Tulsa,  Okla.) 


Eras. 

1 
Ages.             Periods. 

Epochs. 

Local  Application. 

Cenozoic. 

Tertiary. 

Eocene. 

Coryphodon.    White  River  formation. 

Laramie.       1  Montana. 

1 

Fox  Hills  formation. 

Cretaceous. 

Upper  Cre- 
taceous. 

Pierre. 

Shelly  sands  and  shales  with  Teapot, 
Parkman  and  Shannon  sands,  Mesa- 
verde  and  Steel  shales. 

Mesozoic. 

Pteranodon 
beds. 

Colorado. 

Niobrara  and  Carlile  shales.  Frontier 
formations  and  the  three  Wall  Creek 
sands,  also  mowry  and  Thermopolis 
shales. 

Lower  Cre- 
taceous. 

Dakota. 

Dakota  sands,  Cloverly  shales,  Co- 
manche shales. 

Jurassic. 

Atlanto- 
sa  u  r u  s 
beds. 

Morrison. 

Morrison  shales  and  sands,  Sundance 
sands  and  limes. 

Triassic. 

Connecticut 

Chugwater. 

Chugwater  dark  shales  with  some 
stray  sands  and  bastard  limes,  also 
iron  ore  veins. 

Carbonif- 
erous. 

Permian. 

Tensleep. 

Two  Embar  sands  and  Tensleep  with 
thin  coals  and  iron  ore  and  limes. 

Paleozoic. 

Sub-Car- 
boniferous 

Amsdcn. 

Amsden  shales  and  sands,  Ach  Louie 
sand,  iron  ore  veins,  Madison  lime. 

Devonian, 
Silurian, 
Cambrian. 

Comiferous 
and  others 

Several  massive  limes  overlying  quart- 
zitc  and  shale  beds,  mica  schist 
granites,  asbestos  veins. 
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Table  XI 

ROCK  FORMATIOXS  IN  SALT  CREEK  OIL  FIELD,  WYO. 
(U.  S.  G.  S.  Bulletin  670) 


Sy*- 

tetn. 

Series. 

a 

3 

£ 
0 

Members  ss  Clas- 
sified in  the 
Writers  Former 
Report  on  the 
Field. 

Formations  and 
Members  Recog- 
nized in  this  Re- 
port. 

Character. 

Thkfe. 

neaa 

in 

Feet. 

t 

1 

Fort   Union  for- 
mation. 

Wasatch  formation. 

Yellow    sandstone,    gray  !   ...^ 
shale  and  coal.                     '*** 

1 

Fort  Union  forma- 
tion. 

Fine-grained  bluish-white 
sandstone  and  gray 
shale. 

3000 

III  <" 

i 
Lanoe  formation.    Lance  formation. 

Concretionary'  Iv'ff  sand- 
stone and  shale  bearing 
Triteratops  remains. 

3200 

Upper 

^ 

Fos    Hills    sand- 
stone. 

Lewis     shale     with 
thick  sandstone  at 
top   and    another 
sandstone  in  mid- 
dle. 

Sandstone,    white    to 
brown,  and  gray  shale. 

1400 

a 

S  .2 

1 

M  esa  \'erde    forma- 
tion,       including 
Parkman    and 
Teapot  sandstone 
members. 

Shale,     sandstone,     thin 
coal  beds. 

P  a  r  k  m  a  n 
sandstone 
member. 

S4S 

cv A    i  Steele  shale,  includ- 

^-^r.  ?.f,?l      i     »"8  Shannon  sand- 
stone lentil,     j     stone  member. 

Buff  sandstone  and  gray 
shale. 

ai7S 

d 

•0 

Niobrara  shale.     |  Niobrara  shale. 

Light-colored     shale,    in 
parts  somewhat  arena- 
ceous. 

735 

1    iceous. 

e 

Dark  shale.                                320 

1 

Wall  Creek 
sandstone 
lentil. 

1 

« 

1 

C 
0 
0 

Wall  Creek  sand- 
stone   memlier 
and  lower  sands 
with    interbed- 
dcd  abale. 

Buff  to  white  sandstone 
and  gray  shale. 

6«S 

M 

Dark  shale.                           {     250 

c 

ea 

Mowry  shale 
member. 

Mowry    shale 
member. 

Firm  slaty  shale,  usually 
forming  escarpment. 

Weathers  light  gray  and 
bears     numerous     fish 
scales. 

3S0 

Dark  shale. 

aos 

Qoverly  formation. 

i 

i 

Thin  sandstone  and  dark 
shale. 

Lower 
Creta- 
ceous. 

ISO 

Dakota  (?)  sand- 
stone. 

Con^omerate. 

^1 

(?) 

Morrison  forma-    Morrison  formation. 

tion. 

Variegated     shale     with 
several  sandstone  beds. 

aso 

i,  . 

is 

— > 

Upper 

Jurss- 

sic 

S 

undance  formation 

1 
Shale,     limestone,     and 
.     sandstone. 

"• 
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Table  XII 

GENERAL  SECTION  OF  THE  ROCKS  OF  THE  BOWDOIN  DOME, 

MONTANA 


(U. 

S.  G.  S.  Bulletin  661-E.) 

System. 

Series. 

Group. 

Formation. 

Thick- 
ness 
(Feet.) 

Character. 

Recent. 

Silts  in  the  flood  plains  of  streams. 

Pleisto- 
cene. 

Scattered     crystalline    bowlders; 
glacial  morames. 

Quater- 
nary. 

Silt,  sand,  and  gravel  deposited 
alon^  the  old  channels  of  the  Mis- 
souri, Musselshell,  and  other 
streams  before  the  end  of  the 
glacial  epoch. 

Gravel  interstratified  with  yellow- 
ish silt  at  an  altitude  of  300  feet 
above  Milk  River  valley.  May 
possibly  be  late  Pliocene. 

U  pp  e  r 
Creta- 
ceous. 

Montana. 

^UL^^''  80-1000 

Dark  gray  shale;  forms  gumbo  soil. 

Judith  River 
formation. 

400 

Light-gray  clay  and  irregular  beds 
of  gray  and  brown  sandstone. 

Clagget  shale 

750 

Dark-gray  shale;  forms  gumbo 
soil.  About  500  feet  exposed  in 
Bowdoin  dome. 

Eagle    (?) 
sandstone. 

100  ± 

LiRht-gray  sandstone;  forms  a  low 
ridge;  contains  limestone  con- 
cretions in  its  upper  part. 

Colorado. 

87S 

Bluish-gray  to  black  shale;  con- 
tains limestone  concretions  and 
marine  fbssils. 

Creta- 
ceous. 

6o± 

Light-gray  sandstone,  capped  by 
a  thin  limestone  containmg  nu- 
merous gastropods. 

48s  ± 

Bluish-gray  to  black  shale. 

Mowry  shale. 

100  d: 

Platy  shale  or  sandstone,  which  is 
in  places  dark -colored  but  weath- 
ers white;  contains  numerous 
fish  scales;  yields  traces  of  oil 
by  distillation. 

Lower 
CreU- 
ccous. 

Kootenai  (?) 
formation. 

SaS± 

Mainly  shale  but  includes  some 
poorly  defined  sandstone.  In 
lower  part  red  and  purple  shales 
were  noted.  A  bed  of  fresh- w^atcr 
sandstone  and  carbonaceous 
shale  with  fragments  of  woody 
stems  near  the  base. 

Jurassic. 

Upper 
Jurassic 

Ellis  forma- 
tion. 

aood: 

Massive  white  and  yellow  sand- 
stone. 

300^ 

Shale  containing  BeUmnitts. 

Carbonif- 
erous. 

Mississip- 
pian. 

Madison 
limestone. 

Massive  limestone. 
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Table  XIII 

GENER.\L  SECTION  OF  ROCKS  OUTCROPPING  IN  THE  GREEN 
RIVER  FIELD,  UTAH 

(U.  S.  G.  S.  BuUetin  541-D.) 


Sy»- 
tem*. 


|Por- 

:  m*-    Member. 


tion. 


Description  of  Strata. 


ThickneM 
(Feet). 


Economic  Valne. 


Yellow  to  bluish  drab  sandy 
shale;  the  upper  part  is  very 
sandy  and  contains  beds  and 
lenses  of  sandstone;  the  middle 
and  lower  parts  are  mainly 
shale. 


About  2500 
(after  Rich- 
ardson). 


Perron 
sandstone 
member. 


This  sandstone  contains  in  places 
concretions  which  are  fossil  i- 
ferous.  It  forms  a  hogback 
through  the  field. 


Bluish  drab  sandy  shale;  sandy 
material  is  most  plentiful  near 
the  base  and  top  of  this  part 
of  the  formation. 


Possibly  this  sand- 
stone is  a  reservoir 
for  the  gas  that 
has  been  obtained 
in  some  of  the 
wells. 


About  400. 


^1 
o  2 


Yellowish-gray  sandstone  with 
thin  beds  of  shale  alternating. 
Sandstones,  coarse,  soft,  and  in 
places  very  conglomeratic. 


Contains  a  little  coal 
in  places,  but  none 
was  observed  in 
this  field. 


■  Unconformity. 


-.3 


Gray  conglomerate,  variegated 
sandy  shale,  and  clay,  and  a 
few  feet  of  limestone  about  175 
feet  from  the  top.  Some  of  the 
sandstone  is  quartzitic. 


Salt  Wash 
sandstone 
member. 


Gray  conglomeratic  sandstone 
which  outcrops  in  cliffs.  The 
sandstone  in  places  is  lenticu- 
lar, soft,  and  friable. 


Red      sandstone,      thin-bedded 
above  and  massive  below. 


150-175 


Aboot  700. 


A  few  lenses  of  sand- 
stone  contain  pock- 
ets of  gas.  Other 
lenses  are  partly 
saturated  with  pe> 
trotetim. 


Water-bearing  i  n 
places.  Probably 
contains  a  little 
gas  and  a  trace  of 
oU. 


Gypcum  anc*  man- 
ganese in  the  up- 
per part. 


5^ 

KM 


Very  cross-bedded,  coarse,  gray 
aandstone. 


Estimated 
700. 


Water-bearing  in 
many  {riacca. 
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Table  XIV 

HORIZONTAL  DISTANCES  AND  ELEVATIONS  FROM  STADIA 
READINGS 


0 

0 
• 

I 

°. 

3 

=. 

3 

». 

Minutes. 

Horizon- 

Differ- 

Horizon- 

Differ- 
ence of 
Eleva- 
tion. 

Horizon- 

Differ- 
ence of 
Eleva- 
tion. 

Horizon- 

Differ- 
ence of 
Eleva- 
tion. 

tal  Dis- 
tance. 

ence  of 
Eleva- 
tion. 

tal  Dis- 
tance. 

tal  Dis- 
tance. 

tal  Dis- 
tance. 

O 

100.00 

0.00 

99-97 

I -74 

99.88 

3-49 

99-73 

'  5- 23 

3 

100.00 

0.06 

99-97 

1.80 

99.87 

3-55 

99.72 

5.28 

4 

roo.oo 

0.12 

99-97 

1.86 

99-87 

3-6o 

99.71 

5-34 

6 

lOO.OO 

0.17 

99.96 

1.92 

99.87 

3-66 

99.71 

S-40 

8 

100.00 

0.23 

99.96 

1.98 

99.86 

3-72 

99.70 

5-46 

,     lO 

100.00 

0.29 

99.96 

2.04 

99.86 

3-78 

99.69 

5-52 

12 

100.00 

0.3s 

99.96 

2.09 

99-85 

3-84 

99.69 

5-57 

14 

100.00 

0.41 

99-95 

2-15 

99-85 

390 

99.68 

5-63 

i6 

100.00 

0.47 

99-95 

2.21 

99.84 

3-95 

99.68 

5-69 

i8 

100.00 

0.52 

99-95 

2.27 

99-84 

4.01 

99.67 

S-7S 

20 

100.00 

0.58 

99-95 

2-33 

99  83 

4.07 

99.66 

S-80 

22 

100.00 

0.64 

99-94 

2.38 

99  83 

4-13 

99.66 

5-86 

24 

100.00 

0.70 

99-94 

2.44 

99.82 

4.18 

99-65 

5-92 

26 

99-99 

0.76 

99-94 

2.50 

99.82 

4.24 

99-64 

5-98 

28 

99-99 

0.81 

99-93 

2.56 

99.81 

4-30 

99-63 

6.04 

30 

99-99 

0.87 

99-93 

2.62 

99-8i 

4-36 

99  63 

6.09 

32 

99.99 

0.93 

99-93 

2.67 

99.80 

4.42 

99.62 

6.IS 

34 

99.99 

0.99 

99-93 

2.73 

99.80 

4.48 

99.62 

5.21 

36 

99.99 

1-oS 

99.92 

2.79 

99-79 

4-53 

99.61 

6.27 

38 

99.99 

I. II 

99.92 

2.85 

99-79 

4-59 

99.60 

6.33 

40 

99.99 

1. 16 

99.92 

2.91 

99.78 

4-65 

99-59 

6.38 

42 

99.99 

1.22 

99.91 

2.97 

99.78 

4-71 

99-59 

6.44 

44 

99.98 

1.28 

99.91 

3-02 

99-77 

4-76 

99-58 

6.50 

46 

99.98 

1-34 

99.90 

3-08 

99-77 

4.82 

99-57 

6.56 

48 

99.98 

1.40 

99.90 

3-14 

99.76 

4.88 

99-56 

6.61 

so 

99.98 

1-45 

99.90 

3.20 

99.76 

4-94 

9956 

6^67 

52 

99.98 

i-Si 

99.89 

3.26 

99-75 

4-99 

99  55 

6.73 

54 

99.98 

1-57 

99.89 

.  3-31 

99-74 

S-05 

99  54 

6.78 

56 

99  97 

1.63 

99.89 

3-37 

99-74 

S-" 

99  53 

6.84 

58 

99  97 

1.69 

99-88 

3-43 

99-73 

S-17 

99  52 

9.90 

60 

99-97 

1-74 

99-88 

3-49 

99-73 

5-23 

99-51 

6.96 

C-0.7S 

0.7s 

O.OI 

0.7s 

0.02 

0.75 

0.03 

0.7S 

0.05 

C«"I.OO 

1. 00 

O.OI 

1. 00 

0.03 

1. 00 

0.04 

1.09 

o.e6 

c-i.rs 

1.2s 

0.0a 

1.25 

0.03 

I. as 

0.05 

I. as 

0  08 
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4 

• 

3 

0 

. 

e 

7 

e 

Miantw. 

Horizon- 

Differ- 
ence of 
Eleva- 
tion. 

Horiion- 

Differ- 
ence of 
Eleva- 
tion. 

Horison- 

Differ- 

flOTUOA* 

Differ- 

Ul Dis- 
t*nce. 

tal  Dis- 
tance. 

ul  Dis- 
tance. 

ence  of 
Eleva- 
tion. 

tal  Di»- 

ence  of 
Eleva- 
tion. 

O 

99.51 

6.96 

99  24 

8.68 

98.91 

10.40 

98. 5» 

13. 10 

2 

99. S» 

7.02 

99  23 

8.74 

98.90 

»0.4S 

98.50 

13.15 

4 

99- SO 

7  07 

99.22 

8.80 

98.88 

10.51 

98.48 

13.31 

6 

99  49 

7  13 

99.21 

8.85 

98.87 

10.57 

98.47 

12.26 

8 

99.48 

7  19 

99  20 

8.91 

98.86 

10.62 

98.46 

12.32 

lO 

99  47 

7.2s 

99.19 

8.97 

98.8s 

10.68 

98.44 

12.38 

12 

99.46 

7.30 

99.18 

9  03 

98.83 

10.74 

98.43 

»2.43 

14 

99  46 

736 

99  17 

9.08 

98.82 

10.79 

98.41 

12.49 

i6 

99  45 

7-42 

99.16 

9.14 

9S.81 

10.85 

98.40 

"55 

i8 

99  44 

7.48 

99  15 

9.20 

98.80 

10.91 

98.39 

12.60 

30 

99  43 

7-53 

99  »4 

9  25 

98.78 

10.96 

98-37 

12.66 

32 

99  4a 

7  59 

99.13 

9  31 

98.77 

11.02 

98.36 

13.7a 

H 

99  4» 

7.6s 

99  " 

9.37 

98.76 

11.08 

98.34 

12.77 

36 

99.40 

7-71 

99.10 

9  43 

98.74 

11.13 

98.33 

12.83 

28 

99  39 

7.76 

99.09 

9.48 

98-73 

11.19 

98.31 

12.88 

30 

99  38 

7.82 

99.08 

9  54 

98.72 

11-25 

98.29 

12.94 

3a 

99- 38 

7.88 

99.07 

9.60 

98.71 

11. 30 

98.38 

13.00 

34 

99  37 

7.94 

99.06 

9  65 

98.69 

11.36 

98.37 

13  OS 

36 

99  36 

7  99 

99.05 

9  71 

98.68 

11.42 

98.25 

13." 

38 

99  33 

8.0s 

99.04 

9  77 

98.67 

11.47 

98.24 

13  17 

40 

99  34 

8. II 

99  03 

983 

98.6s 

"53 

98.22 

13.23 

4a 

99  33 

8.17 

99.01 

9.88 

98.64 

"59 

98.30 

13-38 

44 

99  32 

8.22 

99.00 

9  94 

98.63 

11.64 

98.19 

13  33 

46 

99  31 

8.28 

98.99 

10.00 

98.61 

11.70 

98.17 

13  39 

48 

99  30 

8.34 

98.98 

10.  OS 

98.60 

11.76 

98.16 

13. 45 

50 

99.29 

8.40 

98.97 

10.  II 

98.58 

II. 81 

98.14 

13.50 

52 

99.28 

8.45 

98.96 

10.17 

98.57 

11.87 

98.13 

13.56 

54 

99-27 

8.51 

98.94 

10.22 

98.56 

"•93 

98.11 

13.61 

56 

99.26 

8.S7 

98.93 

10.28 

98.54 

11.98 

98.10 

X3  67 

58 

99.25 

8.63 

98.92 

10.34 

98.53 

12.04 

98.0S 

»3  73 

60 

99.24 

8.68 

98.91 

10.40 

98.51 

12.10 

98.06 

13  78 

C-0.7S 

..75 

0.06 

0.7S 

0.07 

0.75 

0.08 

0.74 

O.IO 

C=I.OO 

i.ob 

0.08 

0.99 

0.09 

0.99 

o.ti 

0.99 

0.13 

<«-I.25 

1.35 

o.xo 

1.24 

O.II 

1.34 

o.«4 

1.34 

* 

0.16 
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8 

°. 

9". 

lO". 

I 

[°. 

Minutes. 

Horizon- 

DiflFer- 
ence  of 
Eleva- 
tion. 

Horizon- 

Differ- 

Horizon- 

Differ- 

Horizon- 

Differ- 

tal Dis- 
tance. 

tal  Dis- 
tance. 

ence  of 
Eleva- 
tion. 

tal  Dis- 
tance. 

ence  of 
Eleva- 
tion. 

tal  Dis- 
tance. 

ence  of 
Eleva- 
tion. 

O 

98.06 

13   78 

97-55 

15. 45 

96.98 

17.10 

96-36 

18.73 

2 

98.05 

13  84 

97.53 

15.51 

96.96 

17.16 

96.34 

18.78 

4 

98.03 

13.89 

97.52 

15.56 

96.94 

17.21 

96-32 

18.84 

6 

98.01 

13-95 

97.50 

15.62 

96.92 

17.26 

96.29 

18.89 

8 

98.00 

14.01 

97.48 

15.67 

96.90 

17-32 

96.27 

1&-9S 

lO 

97.98 

14.06 

97.46 

15. 73 

96.88 

17-37 

96.25 

19.00 

12 

97-97 

14.12 

97-44 

15-78 

96.86 

17-43 

96.23 

19-05 

14 

97-95 

14.17 

97-43 

15-84 

96.84 

17-48 

96.21 

19.11 

i6 

97-93 

14-23 

97-41 

15.89 

96.82 

17-54 

96.18 

19.16 

i8 

97.92 

14.28 

97-39 

15.95 

96.80 

17.59 

96.16 

19.21 

20 

97.90 

14.34 

97-37 

16.00 

96.78 

17.65 

96.14 

19.27 

22 

97-88 

14.40 

97.35 

16.06 

96.76 

17.70 

96.12 

19.32 

24 

97-87 

14-45 

97.33 

16,  II 

96.74 

1.7-76 

96.09 

19.38 

26 

97-85 

14-51 

97.31 

16.17 

96.72 

17.81 

96.07 

19-43 

28 

97-83 

14-56 

97.29 

16.22 

96.70 

17.86 

96.05 

19.48 

30 

97-82 

14.62 

97.28 

16.28 

96.68 

17.92 

96.03 

19. 54 

32 

97-80 

14.67 

97.26 

16.33 

96.66 

17-97 

96.00 

19.59 

34 

97.78 

14-73 

97-24 

16.39 

96.64 

18.03 

95  98 

19.64 

36 

97.76 

14-79 

97.22 

16.44 

96.62 

18.08 

95.96 

19.70 

38 

97-75 

14.84 

97.20 

16.50 

96.60 

18.14 

95.93 

19.75 

40 

97-73 

14.90 

97.18 

16.55 

96.57 

18.19 

95-91 

19.80 

42 

97.71 

14.95 

97.16 

16.61 

96.55 

18.24 

95-89 

19.86 

44 

97.69 

15.01 

97.14 

16.66 

96.53 

18.30 

95-86 

19.91 

46 

97.68 

15.06 

97.12 

16.72 

96.51 

18.35 

95-84 

19.96 

48 

97.66 

15.12 

97.10 

16.77 

96.49 

18.41 

95-82 

20.03 

50 

97.64 

15.17 

97.08 

16.83 

96.47 

18.46 

95-79 

20.07 

52 

97.62 

15.23 

97.06 

16.88 

96-45 

18.51 

95-77 

20.  13 

54 

97.61 

15.28 

97.04 

16.94 

96.42 

18.57 

95-75 

20.18 

56 

97.59 

15.34 

97.02 

16.99 

96.40 

18.62 

95-72 

30.23 

S8 

97-57 

15.40 

97.00 

17.05 

96.38 

18.68 

95  70 

30. 38 

60 

97-55 

15-45 

96. 98 

17.10 

96.36 

18.73 

95-68 

20.34 

C-0.7S 

0.74 

O.II 

0.74 

0.12 

0.74 

0.14 

0.73 

CIS 

C=I.CX> 

0.99 

0.15 

0.99 

0.16 

0.98 

0.18 

\     o.'98 

0.30 

c-i.as 

• 
1.23 

0.18 

1.23 

0.3I 

1.23 

0.23 

1.3a 

0  35* 
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, 

ia«. 

ij». 

i 

14'- 

IS". 

Miantcs. 

Horixon 

i   Differ- 
!  cnce  of 

tion. 

Horizon 

I    Differ- 
1    ence  of 
Eleva- 
tion. 

Horizon- 

I    Differ- 

Horizon- 

Differ* 

Ul  Dis- 
tance. 

Ul  Dis- 
tance. 

Ul  Dis. 

:    ence  of 
Eleva- 
tion. 

Ul  Dis- 
tance. 

ence  at 
Eleva- 
tion. 

O 

9568 

20.34 

1  94-94 

21.92 

94  15 

23  47 

93  30 

.     25.00 

2 

9565 

20.39 

94.91 

!    21.97 

94.12 

23  52 

93  27 

25.05 

4 

95  63 

20.44 

94.89  j    22.03 

94.09 

23  58 

93.24 

35.10 

6 

95  61 

20.50 

94.86 

i    22.08 

94  07 

;    23,63 

93  21 

25.15 

8 

95  58 

20.55 

94.84 

22.13 

94  04 

23.68 

93.18 

35.30 

zo 

95  56 

20.60 

94-81 

22.18 

94  01 

23 -73 

93.16 

35.35 

12 

95-53 

20.66 

94.79 

22.23 

93-98 

23-78 

93  13 

25.30 

14 

95  51 

20.71 

94.76 

22.28 

93  95 

23  83 

93  10 

25  35 

i6 

95-49 

20.76 

94.73 

22.34 

93  93 

23.88 

93  07 

25  40 

i8 

95  46 

30.81 

94-71 

22.39 

93  90 

23  93 

93  04 

25 -45 

ao 

95  44 

20.87 

94-68 

22.44 

93-87 

23  99 

93  01 

35.50 

32 

95-41 

20.92 

94.66 

22.49 

93  84 

24.04 

92.98 

25  55 

»4 

95-39 

20.97 

94  63 

22.54 

93  81 

24.09 

92.95 

35.60 

36 

95  36 

21.03 

94  60 

22.60 

93-79 

24.14 

92.92 

35.65 

38 

95  34 

21.08 

9458 

22.65 

93  76 

24.19 

92.89 

25.70 

30 

95-32 

21.13 

94-55 

22.70 

93-73 

24.24 

92.86 

25  75 

3a 

95  »9 

21.18 

94.52 

22.75 

93  70 

34.39 

92.83 

?S.8o 

34 

95  27 

21.24 

94- 50 

22.80 

93  67 

24  34 

92.80 

25  8s 

36 

95  24 

21.29 

94  47 

22.85 

93  65 

24  39 

92.77 

35.90 

38 

95-22 

21-34 

94  44 

22.91 

93.62 

24.44 

92.74 

25  95 

40 

95- »9 

21.39 

1 

94.42 

22.96 

93  59 

24.49 

92.71 

36.00 

4a 

95  17 

21-45 

94-39 

23.01 

93  56 

24.55 

93.68 

26.05 

44 

95- »4 

21.50 

94  36 

23.06 

93  53 

24.60 

92.65 

36.10 

46 

95  " 

21-55 

94  34 

23   II 

93  50 

24  65 

92.62 

36.15 

48 

95  09 

21.60 

94  31 

23.16 

93-47 

24.70 

92.39 

26.20 

SO 

95-07 

21.66 

94.28 

23.22 

93.45 

24.75 

92.56 

26.25 

52 

95  04 

21.71 

94.26 

23- 27 

93  42 

24.80 

92.53 

26.30 

54 

95  02 

21.76  I 

94  23 

23  32 

93  39 

24.85 

92.49 

26.35 

56 

94  99  ! 

21.81   1 

94.20 

23-37 

93  36 

24.90 

92.46 

26.40 

58 

94-97 

21.87  ! 

94  17 

23  42 

93  33 

24  95 

92  43 

26.45 

60 

94  94 

21.92 

94  15 

23  47 

93  30 

25.00 

92.40 

26.50 

c=i.75 

0.73 

0.16  i 

0  73 

0.17 

0.73 

0.19    1 

0.72 

o.ao 

C=I.OO 

0.98 

0.22  ] 

0.97 

0.23 

0.97 

1 
0.25    j 

0.96 

0.37 

C=I.2S 

1.23 

°-"i 

1.21 

0.29 

I. 21 

0.31 

1.20    ' 

034 
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I6 

0. 

17°. 

18 

0 

19 

0 

Minutes. 

Horizon- 
tal Dis- 
tance. 

Differ- 
ence of 
Eleva- 
tion. 

Horizon- 
tal Dis- 
tance. 

Differ- 
ence of 
Eleva- 
tion. 

Horizon- 
Ul  Dis- 
tance. 

Differ- 
ence of 
Eleva- 
tion. 

Horizon- 
tal Dis- 
tance. 

Differ- 
ence of 
Eleva- 
tion. 

O 

92.40 

26.50 

91-45 

27.96 

90.45 

29-39 

89.40 

30.78 

2 

92-37 

26.55 

91.42 

28.01 

90.42 

29-44 

89.36 

30.83 

4 

92.34 

26.59 

91-39 

28.06 

90.38 

29-48 

8933 

30.87 

6 

92.31 

26.64- 

91.36 

28.10 

90.35 

29-53 

89.29 

30.92 

8 

92.28 

26.69 

91.32 

28.15 

90.31 

29-58 

89.26 

30.97 

lO 

92.25 

26.74 

91.29 

28.20 

90.28 

29.62 

89.22 

31.01 

12 

92.22 

26.79 

91.26 

28.25 

90.24 

29.67 

89.18 

31.06 

14 

92.19 

26.84 

91.22 

28.30 

90.21 

29.72 

89.15 

31.10 

i6 

92.15 

26.89 

91.19 

28.34 

90.18 

29.76 

89. H 

3^-^5 

i8 

92. 12 

26.94 

91.16 

28.39 

90.14 

29.81 

89.08 

31-19 

20 

92.09 

26.99 

91.12 

28.44 

90.11 

29.86 

89.04 

31-24 

22 

92.06 

27-04 

91-09 

28.49 

90.07 

29-90 

89.00 

31-28 

24 

92.03 

27.09 

91.06 

28.54 

90.04 

29-95 

88.96 

31-33 

26 

^2.00 

27.13 

91.02 

28.58 

90.00 

30.00 

88.93 

31-38 

28 

^1.97 

27.18 

90.99 

28.63 

89.97 

30.04 

88.89 

31-42 

30 

91.93 

27.23 

90.96 

28.68 

8993 

30.09 

88.86 

31-47 

32 

91.90 

27.28 

90.92 

28.  73 

89.90 

30.14 

88.82 

31-51 

34 

91.87 

27 -33 

90.89 

28.77 

89.86 

30.19 

88.78 

31  56 

36 

91.84 

27.38 

90.86 

28.82 

89.83 

30.23 

88.75 

31.60 

38 

91.81 

27.43 

90.82 

28.87 

89.79 

30.28 

88.71 

31-65 

40 

91.77 

27.48 

90.79 

28.92 

89.76 

30.32 

88.67 

31.69 

42 

91 -74 

27.52 

90.76 

28.96 

89.72 

30.37 

88.64 

31-74 

44 

91.71 

27.57 

90.72 

29.01 

89.69 

30.41 

88.60 

31-78 

46 

91.68 

27.62 

90.69 

29.06 

89.65 

30.46 

88.56 

3»  83 

48 

91.^5 

.  27.67 

90.66 

29.11 

89.61 

30.51 

88.53 

31-87 

so 

91.61 

27.72 

90.62 

29-15 

89.58 

30.55 

88.49 

31.9a 

52 

91.58 

27.77 

90.59 

29.20 

89.54 

30.60 

88.45 

31  96 

54 

91.55 

27.81 

90.5s 

29.25 

«9  51 

30.65 

88.41 

32.01 

S6 

9152 

27.86 

90.52 

29.30 

89.47 

30.69 

88.38 

32.05 

S8 

91.48 

27.91 

90.48 

29  34 

89-44 

30.74 

88.34 

32.09 

60 

91-45 

27.96 

90-45 

29-39 

89-40 

30.78 

88.30 

32.14 

C-0.7S 

0.72 

0.3I 

0.72 

0.23 

0.71 

0.24 

0.71 

0.25 

e— i.oo 

0.86 

0.28 

0.95 

0.30 

0.9s 

0.3a 

0.94 

0.33 

c-i.as 

i.ao 

0.3s 

1.19 

0.38 

1.19 

0.40 

1. 18 

0.4a 
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ao\ 

ai». 

aa». 

a3'. 

Minntea. 

Horison- 

DifiFer- 
ence  of 
Eleva- 
tion. 

Horicon- 

Differ- 

Horizon- 

Differ- 

Horicon- 

Differ- 

tal Dis- 
tance. 

tal  Dis- 
tance. 

ence  of 
Eleva- 
tion. 

Ul  Dis- 
tance. 

ence  of 
Eleva- 
tion. 

Ul  Dis- 
tance. 

ence  of 
Eleva- 
tion. 

O 

88.30 

32.14 

87.16 

33  46 

85  97 

34  73 

84.73 

35  97 

3 

88.36 

33.18 

87.12 

33  50 

85.93 

34.77 

84.69 

36.01 

4 

88.33 

32.23 

87.08 

33.54 

85.89 

34  82 

84.65 

36.05 

6 

88.19 

32.27 

87.04 

33  59 

85.85 

34.86 

84.61 

36.09 

8 

88.15 

32.32 

87.00 

33  63 

85.80 

34  90 

84.57 

36.13 

zo 

88.11 

32.36 

86.96 

33.67 

85   76 

34  94 

84.52 

36.17 

13 

88.08 

32.41 

86.93 

33.72 

85.72 

34.98 

84.48 

36.31 

14 

88.04 

32.45 

86.88 

33.76 

85.68- 

35.02 

84.44 

36.35 

i6 

88.00 

32.49 

86.84 

33.80 

85.64 

35.07 

84-40 

36.39 

i8 

87.96 

32.54 

86.80 

3384 

85.60 

35  " 

84.35 

36  33 

20 

87-93 

32.58 

86.77 

33.89 

85  56 

35-15 

84.31 

36.37 

33 

87.89 

32.63 

86.73 

33-93 

85.52 

35  19 

84.27 

36  41 

24 

87.85 

32.67 

86.69 

33  97 

85.48 

35  23 

84.23 

36.45 

36 

87.81 

32.72 

86.65 

34  01 

85 -44 

35-27 

84.18 

36.49 

38 

87.77 

32.76 

86.61 

34.06 

85.40 

35  31 

84.14 

36.53 

30 

87.74 

32.80 

86.57 

34.10 

85.36 

35  36 

84.10 

36.57 

3a 

87.70 

32.85 

86.53 

34.  »4 

85  31 

35  40 

84.06 

36.61 

•  34 

87.66 

32.89 

86.49 

34.18 

85.27 

35  44 

84.01 

36.65 

36 

87.63 

32.93 

86.45 

34- 23 

85.23 

35.48 

83  97 

36.69 

38 

87.58 

32.98 

86.41 

34.27 

85.19 

35  52 

83  93 

36.73 

40 

87-54 

33  03 

86.37 

34. 3» 

85.15 

35  56 

83.89 

36.77 

4a 

87.51 

33.07 

86.33 

34.35 

85.it 

35.60 

8384 

36.80 

44 

87.47 

33  " 

86.29 

3440 

85  07 

35  64 

83.80 

36.84 

46 

87 -43 

33  IS 

86.25 

34  44 

85.03 

3568 

83  76 

36.88 

48 

87.39 

33  20 

86.21 

34.48 

84.98 

35  72 

83.72 

36.93 

50 

87.35 

3324 

86.17 

34.52 

84.94 

35  76 

83.67 

36.96 

52 

87.31 

33 .28 

86.13 

34-57 

84.90 

35  80 

8363 

37.00 

54 

87.27 

33-33 

86.09 

34  61 

84.86 

35  85 

83  59 

37.04 

56 

87.24 

33  37 

86.05 

3465 

84.83 

35  89 

83  54 

37.08 

58 

87.20 

33  41 

86.01 

34  69 

84.77 

35  93 

83  50 

37  " 

60 

87.16 

33  46 

85.97 

34  73 

84  73 

35  97 

83.46 

37. «6 

C-0.7S 

0.70 

0.36 

0.70 

0.27 

0.69 

0.39 

0.69 

0.30 

C—I.OO 

0.94 

0.3s 

0.93 

0.37 

0.93 

0.38 

0.93 

0.40 

C-I.3S 

1.17 

0.44 

1.16 

0.46 

1.15 

0.48 

I. IS 

0.50 
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Table  XIV — Continued 


24'. 

2$". 

a< 

)». 

a- 

1". 

Minutes. 

Horizon- 

Differ- 

Horizon- 

Differ- 
ence of 
Eleva- 
tion. 

Horizon- 

Differ- 
ence of 
Eleva- 
tion. 

Horizon- 

Differ- 

tal Dis- 
tance. 

ence  of 
Eleva- 
tion. 

tal  Dis- 
tance. 

tal  Dis- 
tance. 

tal  Dis- 
tance. 

ence  of 
Eleva- 
tion. 

O 

83.46 

37.16 

82.14 

38.30 

80.78 

39.40 

79.39 

40.45 

2 

83.41 

37.20 

82.09 

38.34 

80.74 

39.44 

79.34 

40.49 

4 

83 -37 

37.23 

82.05 

38.38 

80.69 

39.47 

79.30 

40.52 

6 

83  33 

37.27 

82.01 

38.41 

80.65 

39. SI 

79.25 

40.55 

8 

83.28 

37.31 

81.96 

38.4s 

80.60 

39. 54 

79.20 

40.59 

10 

83.24 

37.3s 

81.92 

38.49 

80.5s 

39.58 

79.15 

40.62 

12 

83.20 

37.39 

81.87 

38.53 

80.51 

39.61 

79.11 

40.66 

14 

83.15 

37-43 

81.83 

38.56 

80.46 

39.65 

79.06 

40.69 

i6 

83.11 

37-47 

81.78 

38.60 

80.41 

39.69 

79.01 

40.72 

i8 

83.07 

37. SI 

81.74 

38.64 

80.37 

39.72 

78.96 

40.76 

20 

83.02 

37.  S4 

81.69 

38.67 

80.32 

39.76 

78.92 

40.79 

22 

82.98 

37.  S8 

81.65 

38.71 

80.28 

39-79 

78.87 

40.82 

24 

82.93 

3762 

81.60 

38.7s 

80.23 

39  83 

78.82 

40.86 

26 

82.89 

37.66 

81.56 

38.78 

80.18 

39.86 

78.77 

40.89 

28 

82.85 

37.70 

81.51 

38.82 

80.14 

39.90 

78.73 

40.92 

30 

82.80 

37-74 

81.47 

38.86 

80.09 

39.93 

78.68 

40.96 

32 

82.76 

37.77 

81.42 

38.89 

80.04 

39.97 

78.63 

40.99 

34 

82.72 

37.81 

81.38 

38.93 

80.00 

40.00 

78.58 

41.02 

36 

82.67 

37.8s 

81.33 

38.97 

79.9s 

40.04 

78.54 

41.06 

38 

82.63 

37.89 

81.28 

39.00 

79-90 

40.07 

78.49 

41.09 

40 

82.58 

37.93 

81.24 

39.04 

79.86 

40.11 

78.44 

41.12 

42 

82.54 

37.96 

81.19 

39.08 

79-81 

40.14 

78.39 

41.16 

44 

82.49 

38.00 

81.15 

39." 

79.76 

40.18 

78.34 

41.19 

46 

82.4s 

38.04 

81.10 

39.  IS 

79.72 

40.21 

78.30 

41.22 

48 

82.41 

38.08 

81.06 

39.18 

79.67 

40.24 

78.25 

41.26 

5° 

82.36 

38.11 

Si.oi 

39.22 

79.62 

40.28 

78.20 

41.29 

52 

82.32 

38. IS 

80.97 

39.26 

79.58 

40.31 

78.15 

41-32 

54 

82.27 

38.19 

80.92 

39.29 

79.  S3 

40.3s 

78.10 

41  35 

S6 

82.23 

38.23 

80.87 

39.33 

79.48 

40.38 

78.06 

41  39 

S8 

82.18 

38.26 

80.83 

39.36 

79.44 

40.42 

78.01 

41.42 

60 

82.14 

38.30 

80.78 

39.40 

79.39 

40.4s 

77-96 

41-45 

C-0.7S 

O.08 

0.31 

0.68 

0.32 

0.67 

0.33 

0.66 

0.35 

C-«I.OO 

0.91 

0.41 

0.90 

0.43 

0.89 

0.4s 

0.89 

0.46 

£-•1.25 

1. 14 

0.52 

1. 13 

O.S4 

1. 12 

0,56 

I. II 

0.58 
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al 

•. 

29 

o 

30 

•. 

Minutes.  ° 

Horixontal 

Difference 

of 
Elevation. 

1 

Horizontal  \ 

Difference 

of 
Elevation. 

Horizontal 

Difference 

1 

Distance. 

DisUnce. 

Distance. 

of 
Elevation. 

O 

77  06 

41  45 

76.50 

42.40 

75  00 

43  30 

2 

77-91 

41.48    " 

76.45 

42  43 

74  95 

43   33 

4 

77-86 

41   52 

76.40      I 

42.46 

74  90 

43  36 

6 

77-81 

41.55 

76.35       1 

42.49 

74  85 

43  39 

8 

77-77 

41-58 

76.30 

42.53 

74.80 

43  42 

lO 

77-72 

41.61 

76.25       I 

42.56 

74.75 

43  45 

13 

77  67 

41-65 

76.20 

42.59 

74.70 

43  47 

'4 

77-63 

41.68 

76.15 

42.62 

74  65 

43  50 

16        1 

7757 

41.71 

76.10 

42  65 

74  60 

43  53 

i8 

77-52 

41   74 

76.05 

42.68 

74-55 

43  56 

30 

77  48 

41.77 

76.00 

42.71 

74.49 

43  59 

22 

77-42 

41.81 

75  95 

42.74 

74.44 

43  62 

^4 

77-38 

41-84 

75-90 

42.77 

74.39 

43  65 

36 

77  33 

41.87 

75  85 

42.80 

74  34 

43  67 

38 

77.28 

41.90 

75-80 

42.83 

74.29 

43  70 

30 

77-23 

41.93 

75-75 

43.86 

74  24 

43  73 

3a 

77.18 

41  97 

75  70 

42.89 

74  19 

43  76 

34 

77  13 

43.00 

75  65 

42.92 

74   14 

43  79 

36 

77  09 

42  03 

75-60 

42.95 

74  09 

43  82 

38 

77  04 

42.06 

75-55 

42.98 

74  04 

43  84 

40 

76.99 

42.09 

75-50 

43  01 

73  99 

43  87 

4a 

76-94 

42.12 

75  45 

43  04 

73  93 

43  90 

44 

76.89 

42.15 

75-40 

43  07 

7388 

43  93 

46 

76.84 

42.19 

75-35 

43  »o 

7383 

43  95 

48 

76.79 

42.22 

75  30 

43 -U 

73  78 

43  98 

SO 

76.74 

42.25 

75-25 

43  16 

73  73 

44  oi 

52 

76.69 

42.28 

75.20 

43-18 

73  68 

44.04 

54 

76.64 

42.31 

75  15 

43  21 

73  63 

44.07 

S6 

76.59 

42.34 

75- 10 

43  24 

73  58 

44  09 

S8 

76-55 

42.37 

75  05 

43  27 

73-52 

44.12 

60 

76.50 

42.40 

7500 

43  30 

73  47 

44  15 

C-0.7S 

0.66 

1       0.36 

0.65 

0.37 

0.65 

0.38 

C— I.OO 

0.88 

0.48 

0.87 

0.49 

0.86 

o.5» 

C-1.2S 

1. 10 

0.60 

1.09 

0.62 

1.08 

1 

0.64 
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Table  XV  ^ 

DEPTH  OF  STRATA  BELOW  A  HORIZONTAL  SURFACE  AT  A  DISTANCE 
OF  KK)  FEET  FROM  THE  OUTCROP,  AND  ALONG  THE  DIP,  THE 
THICKNESS  OF  A  BED  HAVING  AN  OUTCROP  100  FEET  WIDE 


Dip. 
Degrees. 


I 

2 

3 
4 
5 
6 

7 
8 

9 

lO 

II 

13 

13 
14 
15 


Depth. 


1-75 
3-49 
S-24 
6.99 

8.75 
10.51 
12.28 

14  05 

15  84 
17-63 
19.44 
21.26 
23.09 

24-93 
26.80 


Thickness. 


1-75 
3-49 
5-23 
6.97 
8.71 

10.45 
12.19 
13.92 
15-64 
12-36 
19.08 

20.79 
22.49 
24.19 
25-88 


Dip. 
Degrees. 


16 

17 
18 

19 
30 

21 
22 
23 
24 
25 
26 

27 
28 
29 
30 


Depth. 


Thickness. 


.63 

27 

-57 

29 

•49 

30 

-43 

32 

.40 

34- 

-39 

35- 

.40 

37- 

-45 

39- 

-52 

40. 

-63 

42. 

•77 

43- 

•95 

45- 

•  17 

46. 

•43 

48. 

•  74 

50. 

(Modified  from  Redwood  and  Eastlake.)     (After  Johnson  and  Huntley.) 
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Table  XVI 

"SHOOTING"  TABLE 

Capacities  or  Nitro-clycerin  Shells 

Diameter  and  Length  of  Twenty-quart  SbeOs 


Diameter. 
Inches. 


2 
2i 

ai 

2i 

3 

3i 

$i 

3! 

4 

4i 

4i 

4i 

5 

5l 

S\ 

5\ 

6 

61 
6J 
61 


In.  to  Ot- 


i8| 
Mi 
"I 

9i 

8i 

7 

6 

S\ 

4i 

4i 
3l 

3l 
3 

2l 


Length. 

Ft. 

In. 

3° 

lot 

24 

5l 

IQ 

loi 

i6 

5i 

13 

io| 

II 

lol 

lO 

3 

8 

III 

7 

lol 

7 

1 

6 

3l 

5 

8t 

S 

3 

4 

7* 

4 

4 

4 

3 

7 

3 

4) 

3 

2 

2 

III 

2 

9 

AAIOUNT  OF  FLUID  DIFFERENT  SIZES  OF  PIPE  HOLD 


Diameter. 

/'-I-  ~..  V*               Gals.  OCT        1       Barreb  per 
Gab.  per  Ft.                ,^  ^                    100  Ft 

Barreb  per 
2000  ?t. 

2  inch 

•143 
.652 
1.02 
1.46 
1.72 
2.61 
4.08 
6.89 

14  3 
65.2 
102.0 
.146.0 
172.0 
261.0 
408.0 
689.0 

6  8r 

4  inch 

5  inch 

6  inch 

6J  inch 

8  inch 

lo  inch 

13  inch 

I  55 
a  43 

3  47 

4  10 
6.21 

9  71 
16.40 

31 

48 

69 

81 

"4 

194 

338 

OS 

57 

524 

9 

29 

29 

01 
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Table  XVII 

INCHES  AND  FRACTIONS  OF  AN  INCH  IN  DECIMALS  OF  A  FOOT 


0 

I 

2 

3 

4 

S 

6 

7 

8 

9 

10 

II 

A 

.0052 

.0885 

.1719 

■2552 

•3385 

.4219 

•5052 

.5885 

.6719 

•7552 

.8385 

.9219 

a' 

i 

.0104 

.0938 

.1771 

.2604 

■3438 

.4271 

•5104 

.5938 

.6771 

.7604 

.8438 

.9271 

A 

.0156 

.0990 

.1823 

.2656 

■3490 

•4323 

•5156 

•5990 

.6823 

.7656 

.8490 

•9323 

A 

i 

.0208 

.1042 

•1875 

.2708 

•3542 

•4375 

.5208 

.6042 

.6875 

•7708 

•8542 

•9375 

A 

.0260 

.1094 

.1927 

.2760 

•3594 

.4427 

.5260 

.6094 

.6927 

•7760 

•8594 

.9427 

A 

1 

•0313 

.1146 

.1979 

.2813 

.3646 

•  4479 

•5313 

.6146 

.6979 

•7813 

.8646 

•9479 

A 

•0365 

.1198 

.2031 

.2865 

.3698 

•4531 

•5365 

.6198 

.7031 

•786s 

.8698 

•9531 

A 

i 

.0417 

.1250 

.20831.2917 

•3750 

•4583 

•  5417 

.6250 

.7083 

•  7917 

•8750 

•9583 

A 

.0469 

.1302 

•2135 

.2969 

•3803 

•4635 

•5469 

.6302 

•7135 

•7969 

.8802 

•9635 

A 

1 

.0521 

■1354 

.2188 

.3021 

•3854 

.4688 

•5521 

•6354 

.7188 

.8021 

•8854 

.9688 

H 

•OS73 

.1406 

.2240 

•3073 

.3906 

.4740 

-5573 

.6406 

.7240 

.8073 

.8906 

.9740 

H 

1 

4 

.0625 

•1458 

.2292 

•3125 

•3958 

•  4792 

•5625 

•6458 

.7292 

.8125 

.8958 

•9792 

H 

.0677 

.1510 

•  2344 

•3177 

.4010 

.4844 

•5677 

.6510 

•7344 

•8x77 

.9010 

.9844 

tt 

i  .0729 

•1563 

.2396 

.3229 

.4063 

.4896 

•5729 

•6563 

•7396 

.8229 

.9063 

.9896 

H 

.0781 

.1615 

.2448 

.3281 

•4"5 

•  4948 

•5781 

.6615 

•  7448 

.8281 

•9"5 

.9948 

H 

I 

•0833 

.1667 

.2500 

■3333 

.4167 

.5000 

•5833 

.6667 

•7500 

8333 

.9167 

1. 000 

I 

0 

I 

2 

3 

* 

4 

5 

6 

7 

8 

9 

10 

II 
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Table  XVm 

RODS  IN  FEET  AND  INCHES 


Rods 

Pt. 

In. 

Rods 

pt. 

In. 

Rods}  Pt. 

In. 

Rods 

Pt. 

1 
In. 

Rods 

Pt.   In- 

I 

i6 

6 

21 

346 

1 

6  i 

41   676 

6 

6, 

1006 

6 

81 

1336  6 

2 

33 

0 

22 

363 

0 

42   693 

0 

62 

1023 

0 

82 

1353  0 

3 

49 

6 

23 

379 

6 

43   709 

6 

63 

1039 

6 

83 

1369  6 

4 

66 

0 

24 

396 

0  • 

44   726 

0 

i  64 

1056 

0 

84 

1386  0 

5 

82 

6 

as 

412 

6 

45   742 

6 

!  65 

1072 

6 

85 

1402  6 

6 

99 

0 

26 

429 

0 

46  i  759 

0 

66 

1089 

0 

86 

1419  0 

7 

"5 

6 

27 

445 

6 

47   775 

6 

1  67 

1 105 

6 

87 

1435  6 

8 

X32 

0 

28 

462 

0 

48   792 

0 

68 

1122 

0 

88 

1452  0 

9 

148 

6 

29 

478 

6 

49  808 

6 

69 

1 138 

6 

89 

1468  6 

lO 

16s 

0 

30 

495  ' 

0 

50  825 

0 

70 

"55 

0 

90 

1485  0 

II 

181 

6 

31 

5" 

6 

51   841 

6 

7» 

1171 

6 

91 

1501  6 

12 

198 

0 

3* 

528 

0 

52   858 

0 

72 

1188 

0 

92 

iS»8  0 

13 

214 

6 

33 

544 

6 

53   874 

6 

73 

1204 

6 

93 

1534  6 

14 

231 

0 

34 

£61 

0  i 

54  891 

0 

74 

1221 

0 

;  94 

1551  0 

IS 

247 

6 

35 

577 

6i 

55  907 

6 

75 

1237 

6 

!  95 

1567  6 

i6 

264 

0 

36 

594 

°  i 

56  ,  924 

0 

76 

1254 

0 

96 

1584  0 

17 

280 

6 

37 

610 

H 

57  '  940 

6 

77 

1270 

6 

1  97 

1600  6 

i8 

297 

0 

38 

627 

0  ' 

58  !  957 

0 

I  78 

1287 

0 

98 

1617  0 

19 

313 

6 

;  39 

643 

6 

59  '  973 

6 

'  79 

1303 

6 

99 

1633  6 

ao 

330 

0 

40 

660 

0  ; 

60  990 

0 

80 

1 

1320 

0 

100 

1650  0 
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Table  XIX 

LINKS  IN  FEET  AND  INCHES 


/ 

a 

Ft 

In. 

J3 

a 

Ft. 

In. 

J3 

e 

Ft. 

In. 

c 

Ft 

In. 

4 

Ft. 

lo. 

J 

°>J 

^ 

J 

3 

I 

O 

7.92 

22 

X4 

6.24 

43 

28 

4- 56 

63 

41 

6.96 

83 

54 

936 

2 

I 

384 

23 

15 

2.16 

44 

29 

0.48 

64 

42 

2.88 

84 

55 

S.2S 

3 

I 

11.76 

24 

IS 

10.08 

4S 

29 

8.40 

!  65 

42 

10.80 

85 

56 

1.20 

4 

2 

7.68 

25 

16 

6.00 

46 

30 

432 

'  66 

43 

6.72 

86 

56 

9.12 

5 

3 

360 

26 

17 

1.92 

47 

31 

0.24 

67 

44 

2.64 

87 

57 

S04 

6 

3 

11.52 

27 

17 

9.84 

48 

31 

8.16 

68 

44 

10.56 

88 

S8 

0.96 

7 

4 

7-44 

28 

18 

S.76 

49 

32 

4.08 

69 

45 

6.48 

89 

58 

8.88 

8 

5 

336 

29 

19 

1.68 

50 

33 

0.00 

i  70 

46 

2.40 

90 

59 

4.80 

9 

S 

11.28 

30 

19 

9.60 

SI 

33 

7.92 

71 

46 

10.32 

91 

60 

0.72 

lO 

6 

7.20 

31 

20 

SS2 

S2 

34 

384 

72 

47 

6.24 

92 

60 

8.64 

II 

7 

312 

32 

21 

1.44 

53 

34 

11.76 

73 

48 

2.16 

93 

61 

456 

12 

7 

11.04 

33 

21 

936 

S4 

35 

7.68 

74 

48 

10.08 

94 

62 

0.48 

13 

8 

6.96 

34 

22 

S.28 

55 

36 

3.60 

75 

49 

6.00 

95 

63 

8.40 

14 

9 

2.88 

35 

23 

1.20 

S6 

36 

11.52 

76 

SO 

1.92 

96 

63 

4  32 

IS 

9 

10.80 

36 

23 

9.12 

57 

37 

7-44 

77 

SO 

9.84 

97 

64 

0.24 

i6 

lO 

6.72 

37 

24 

S04 

58 

38 

336 

78 

SI 

5.76 

98 

64 

8.12 

17 

II 

2.64 

38 

25 

0.96 

59 

38 

11.28 

i  79 

52 

1.68 

99 

65 

4.06 

i8 

II 

10.56 

39 

25 

8.88 

60 

39 

7.20 

i8o 

52 

9.60 

100 

66 

0.08 

19 

li 

6.48 

40 

26 

4.80 

61 

40 

3.12 

81 

53 

552 

lOI 

66 

7.90 

20 

13 

2.40 

41 

27 

0.72 

62 

40 

11.04 

82 

54 

1.44 

I03 

67 

3M 

21 

13 

10.32 

42 

27 

8.64 

i 
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Table  XX 

METRIC   EQU1V.\LENTS 

Millimeters  X  .0393  7  =  inches. 

CentiroetersX.3937  =  inches. 

Meter  =  39.37  inches. 

MetersX3  28i=feet. 

Meters  per  second  =  196.86  feet  per  minute 

KilometersX  .621  =  miles. 

Kilometers  X  3  280.89  =  feet . 

Square  millimeters X. 001 55  =  square  inches. 

Square  centimeter?  X .  1 55  =  square  inches. 

Cubic  centimeters -r  16.383  =  cubic  inches. 

Cubic  metersX3S.3i6s  =  cubic  feet. 

Cubic  metersX 264.2  =  gallons  (231  cubic  inches). 

LitersX.2642  =  gallons  (231  cubic  inches). 

KflogramsX  2.2046  =  pounds. 

Kilograms  per  square  millimeterX  1422.3  =  pounds  per  square  inch. 

Kilograms  per  square  cent. X 14. 223  =  pounds  per  square  inch. 

KilowattsX  1 .34  =  horse-powei. 

Watts-r  746  =  horse-power. 

Cheval  Vapeur X  .9863  =  horse-power. 

CeDtigradeXi.8-f33=d%rees  Fahrenheit 


232 


APPENDIX 


Table  XXI 

FORMULA  FOR  THE  SOLUTION  OF  RIGHT  TRIANGLES 


Given. 

Required.        ) 

Formula. 

f  B^go^-A 

a,  A 

B,b,c 

b  =acotA 

c  =-. — T=acsc.4 

A=^''-B 

a,B 

A,  b,  c 

b  =  a  tan  5 

c  = 0  =  0  sec  5 

c,A 

B,a,b 

a=csmi4 
b  =CQo%A 

\zxiA  =7- 
0 

a,b 

A,B,c 

tan5  =  -,  orB=9o°-i4 
a'            ^ 

c  =  Va»+6» 

a                  . 
c  =  -T — z=acscA 
I               smA 

•       A        « 

c 

a  c 

A,B,b 

cos  B  =-  ,  or  JB— 90°— i4 
c 

b        r.Vc'-a^=V{c-i-a){c-a) 

I  6         =acot  A 

APPENDIX 
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Table  XXII 

FORMULiE  FOR  THE  SOLUTION  OF  OBLIQUE  TRIANGLES 


Given. 

Required. 

Pormalc. 

taniM-B)=^cot|C 

^-(Qo'-JO+JM-B) 

•  b,C 

A,B,c 

B  =  (9o°-JO-lU-B) 

{a-b)cos.\C 
^      siniU-5) 

c=y/a*+b*-2abco&C 

C=i8o''-U+B) 

c,A,B 

C,a,b 

a  =-r—p.suiA 
srnC 

6=^sinB 
I         sinC 

sjiB=-  sin  A 
a 

a,b,A 

B,C,c 

C=i8o''-^-B 

A 

c».",sinC      • 
sin  A 

,      I  1        j(s-b){s-c) 
X     i{s-a) 

a,bc 
Ua+b+c)=s 

cosM-\     ^ 

234  APPENDIX 

Table  XXIII 

TRIGONOMETRIC  FORMUL/E 

sin*  A  +COS*  A  =  i 
sin  i4    =  2  sin  |i4  Xcos  \A 
cos  A    =2  cos*  \A  —  i  =  i  —  2  sin*  \A 
I— cos  2^     sin  i4 


tan^   =- 


sin  2  A       cos  A 


•    1  A        !i—cosA 


.  .       /iH-cosi4 
cos  hA='^- 


tan  iA  = 


2 

i—co&A 
sin  A 


sin  2i4  =  2  sin  A  cos  A 

cos  2i4  =cos*  A  —sin*  /I  =  2  cos*  A  —  x 

.       2  tan  i4 

tan  2  A  = 

I -tan* /I 

sin  (A  ±B)      =  sin  A  cos  5±sin  B  cos  ^ 
cos  {A  ±B)     =  cos  /I  cos  B=Fsin  A  &m  B 

sin/l+sinB  =2  sin  JU+B)  cos  K^-.B) 

sini4— sinB  =2  cos  JM+B)  sin  J(^— B) 

cos  A  +COS  B  =  2  cos  K^ +B)  cos  ^(A-B) 

cos  B— cos  A  =  2  sin  JM  +B)  sin  §(4  —B) 

4.      A  ,  ,.      D     sin  (/4  4-B) 

tani4+tanB  = — —i: 

cos  A  cos  B 

^       .     .      „     sinU-B)^ 

tani4— tanB= -. ^ 

cos  A  cos  B 

sin  (4  ±90°)  ==  ±cos  A 
cos  (A  ±90*)  ■«  Tsin  4 
sin  (y4±i8o"*)  =  sini4 
cos  U ±180°)  -cos -4 
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Table  XXIV 

SINES,  COSINES,  TANGENTS,  COTANGENTS 


sin 

tan 

sin 

tan 

sin 

tan   sin 

tan 

sin 

tan 

sin 

tan 

o' 

0' 

10' 

10' 

20' 

20'   30' 

30' 

40' 

40' 

50' 

50' 

1 

o 

0000 

0039 

0039 

oos8 

00580087 

0087 

01 16 

01 16 

0145 

OI4S 

89 

175 

01750204] 

0304 

0233 

02330262 

262  291 

291 

320 

32o|88 

349 

349 

378 

378 

407 

407 

436 

437 

465 

466 

494 

4951  87 

523 

524 

552 

553 

581 

582 

610 

612 

640 

641 

669 

670;  86 

698 

699 

727 

729 

756 

758 

78s 

787 

814 

816 

843 

846  8s 

872 

875 

901 

904 

939 

934 

958 

963 

987 

992 

1016 

1022  84 

6 

»<H5 

1051  1074 

1080 

1103 

mo  1132 

I13QI161 

1169 

190 

198  83 

7 

319 

228!  248 

257 

379 

287;  305 

317  334 

346 

363 

376  82 

8 

392 

405 

421 

435 

449 

465!  478 

495 

507 

524 

536 

554;  81 

9 

564 

584 

593 

614 

623 

644 

650 

673 

679 

703 

708 

733:  80 

lO 

736 

763 

765 

793 

794 

823 

822 

8S3 

851 

883 

880 

914  79 

II 

908 

944 

937 

974 

965 

2004 

994 

2035  2022 

206s 

2051 

2095 

78 

13 

2079 

3126.3108 

2156 

2136 

186 

2164 

217  193 

247 

321 

278 

77 

»3 

250 

309  278 

339 

306 

370 

334 

401  363 

432 

391 

462 

76 

14 

419 

493  447 

524 

476 

555 

504 

586  S32 

617 

560 

648 

75 

IS 

588 

679  616 

711 

644 

742 

672 

773i  700 

80s 

728 

836 

74 

x6 

756 

86  •  784 

899 

812 

931 

840 

963  868 

994 

896 

3026 

73 

17 

924 

3057  952 

3089 

939 

3121 

3007 

31533035 

318s 

3062 

2i7j  72 

l8 

3090 

249  31 18 

281314s 

314 

173 

346 

201 

378 

328 

411  71 

19 

256 

443 

283 

476 

3" 

508  338 

541 

365 

574 

393 

607  70 

3o 

420 

640 

448 

673 

475 

706;  502 

739 

529 

772 

557 

905i  69 

31 

584 

839 

611 

872 

638 

906 

66s 

939 

692 

973 

719 

4006'  68 

33 

746 

4040 

773 

4074 

800 

4108 

827 

4142 

8S4 

4176 

881 

210  67 

23 

Q07 

245 

934 

279 

961 

3»4 

Q87 

348|40i4 

383 

4041 

417  66 

24 

4067 

4S2I4094 

487 

4120 

5224147 

557 

173 

592 

200 

628  65 

25 

336 

663 

253 

699 

279 

734  30s 

770 

33J 

806 

358 

84ij  64 

36 

384 

877 

410 

9x3 

436 

9SO  4462 

986 

488 

5022 

su 

5059:  63 

27 

S40 

5095 

566 

5132 

592 

51691  617 

5206 

643 

243 

669 

280 

63 

38 

695 

317 

720 

354 

746 

392 

772 

43o|  797 

467 

823 

S05 

61 

29 

848 

543 

874 

581 

899 

619 

924 

658 

950 

696 

975 

735 

60 

y> 

Sooo 

774 

5025 

5812 

5050 

851 

5075 

890 

100 

930 

5125 

969 

59 

31 

ISO 

6009]  175 

6048  200 

6088  23S 

6128 

250 

6168 

275 

6208!  s8 

32 

299 

349 

324 

289  348 

3305373 

371 

398 

412 

422 

453  57 

33 

446 

494 

471 

536  495 

577|  519 

619 

544 

661 

568 

703  56 

34 

592 

745 

616 

787 

640 

830  664 

»" 

688 

9i6|  7»2 

959 

55 

8> 

60' 

60' 

50' 

50' 

40' 

40' 

30' 

30' 

20' 

20'   10' 

10' 

9 

•o 

cos 

cot 

COS 

cot 

1  COS 

cot 

COS 

cot  I  COS 

cot  1  cos 

cot 

•S 
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Table  XXIY— Continued 


^ 

sin 

tan 

sin 

tan 

sin 

tan 

sin 

tan 

sin 

tan 

sin 

tan 

1 

•o 

0' 

0' 

lo' 

10' 

20' 

30' 

30' 

30' 

40' 

40' 

50' 

so' 

35 

736 

7002 

760 

7046 

783 

7089 

807 

7133 

831 

7177 

854 

7231 

54 

36 

878 

265 

901 

310 

925 

355 

948 

400 

972 

445 

995 

490 

53 

37 

6018 

536 

6041 

581 

6065 

627 

6088 

673 

6111 

720 

6134 

766 

sa 

38 

157 

813 

180 

860 

202 

907 

225 

954 

248 

8002 

371 

8050;  SI 

39 

293 

8098 

316 

8146 

338 

8195 

361 

8243 

383 

393 

406 

342 1 50 

40 

428 

391 

450 

441 

472 

491 

494 

541 

517 

591 

539 

642,  49 

41 

S6i 

693 

583 

744 

604 

796 

626 

847 

648 

899 

670 

952  48 

42 

691 

9004 

713 

9057 

734 

9110 

756 

9163 

777 

9217 

799 

9271 

47 

43 

820 

32s 

841 

380 

862 

435 

884 

490 

905 

545 

926 

601 

46 

44 

947 

657 

967 

713 

988 

770 

7009 

827 

7030 

884 

7050 

942 

45 

45 

7071 

I. 0000 

7092 

1.0058 

7112 

1 . 01 1 7 

133 

I. 01 76 

153 

I  0235 

173 

1.0295 

44 

46 

7193 

I  0355 

7214 

1.0416 

7234 

1.0477 

7254 

I  0533 

7274 

I  0599 

7294 

I. 0661 

43 

47 

314 

.0724 

333 

.0786 

353 

.0850 

373 

.0913 

392 

-0977 

412 

.1041 

4a 

48 

431 

.1106 

451 

.1171 

470 

.1237 

490 

-1303 

509 

.1369 

528 

.1436 

41 

49 

547 

.1504 

566 

•  1571 

585 

.1640 

604 

.1708 

623 

.1778 

643 

.1847 

40 

SO 

660 

1.1918 

7679 

I . 1988 

7698 

I . 2059 

7716 

1.2131 

7735 

1.3203 

7753 

1.2276 

39 

SI 

771 

•2349 

790 

•  2423 

808 

•  2497 

836 

•  2572 

844 

-2647 

862 

.3733 

38 

52 

880 

.2799 

898 

.2876 

916 

•2954 

934 

.  3032 

951 

.31" 

969 

•3190 

37 

53 

986 

.3270 

8004 

•3351 

8021 

•3452 

8039 

■3514 

8056 

-3597|8o73 

.3680 

36 

54 

8090 

•3764 

107 

.3848 

124 

•3*934 

141 

.4019 

158 

.4106 

175 

•4193 

35 

55 

192 

.4281 

208 

•  4370 

225 

.4460 

341 

•4550 

258 

.4641 

274 

•4733 

34 

56 

290 

.4826 

307 

.4919 

323 

•5013 

339 

.5108 

355 

•  5204 

371 

•5301 

33 

57 

387 

•5399 

403 

•5497 

418 

■5597 

434 

-5697 

450 

•  5798 

465 

•5900 

3a 

58 

480 

.6003 

496 

.6107 

5" 

.6212 

526 

.6319 

542 

.6436 

557 

•6534 

31 

59 

572 

•6643 

587 

•6753 

601 

.6864 

6i6 

.6977 

631 

.7090 

646 

-720s 

30 

60 

660 

I. 7321 

8675 

1-7437 

8689 

1-7556 

8704 

1-7675 

8718 

1-7797 

8732 

I. 7917 

29 

61 

746 

.8040 

760 

.8165 

774 

.  8291 

788 

.8418 

80a 

.8546 

816 

.8676 

38 

63 

829 

.8807 

843 

.8940 

857 

.9074 

870 

.9210 

884 

•9347 

897 

.9486 

27 

63 

910 

.9626 

923 

.9768 

936 

•99" 

949 

2.0057 

96a 

3.0304 

975 

2.0353 

36 

64 

988 

2.0503 

9001 

2.0655 

9013 

2.0809 

9036 

.0965 

9038 

.II23I905I 

.1283 

2S 

65 

9063 

•1445 

075 

.1609 

088 

.1775 

100 

-1943 

iia 

.3113 

134 

.3386 

24 

66 

»35 

.2460 

147 

•  2637 

159 

.2817 

171 

.3998 

i8a 

•3183 

194 

3369 

23 

67 

20s 

•3559 

316 

•37SO 

338 

•3945 

239 

.4143 

2SC 

•4342 

361 

•454S 

aa 

68 

27a 

•  4751 

283 

.4960 

293 

•5172 

304 

•5386 

31S 

-5605 

32s 

.5826 

ai 

^> 

336 

.6051 

346 

.6279 

356 

.6511 

367 

-6746 

377 

.6985 

387 

.7338 

30 

^ 

60' 

60' 

so' 

50' 

40' 

40' 

30' 

30' 

ao' 

20' 

10' 

10' 

1 

•s 

cos 

cot 

cos 

cot 

COS 

cot 

cos 

cot 

cos 

cot 

cos 

cot 
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sm 
o' 


tan 


sm 
lo' 


tan 
lo' 


sin 


tan 
ao' 


sin 
30' 


tan 
30' 


sin 
40' 


tan 
40' 


sin 
so' 


tan 
so' 


I 


70 
71 
7a 
73 
74 
75 
76 
77 
78 
79 


81 
83 
83 
84 
85 
86 

87 
88 


397  » 

455: 

5"|3 

5631 

6i3r 

6S9| 
7034 

744| 

8i6l 


74759407  » 

904a  465 

o777j  Sao3 

2709  572 

4874^  6ai 

7321  j  667 

oioSJ  7104 

33»S  75o| 

,7046;  787} 

.1446!  8235 


77*594172 
9319  474J 
1084  5283 
3052  580 
S26i|  629 
7760-  674 
0611;  717 


3897 
7729 

22S7 


80  9848 


877 
903 
925 
945 
962 
9761 
986 
994 


89   9998 


5.67139853 
6.3138    881 

7.ii54|  907 
8.1443:  929 
9.5144!  948 
11.430!  964 
14.300'  978 
19.081  988 
28.6369995 
57.2909999 


757 
793 
827 


.79809426  2. 
.9600,  483 
•1397!  537  3 
•  3402!  588' 
•5656;  636 
.82081  681  j 
.  11261  7244. 
•4494|  763: 
•8430J  799i 
•30931  8335 


823994362 
9887!  4923 
1 7161  546. 

3759  596  . 

6059I  644: 

86571  689. 
1653  730  4 
5107  769 
9152  80s; 
3955  8385 


8502  9446  2 
0178  5023 

2041  555; 

4124  605' 

64701  652; 

9136  696: 

2193  7374 

5736  775I 

9894  811  5 

4845!  843' 


5.76949858 
6.4348  886 


7.2687 


911 


8  3450"  932 
9.7882  951 
11.826:  Q67 
14.924  980 
30.206  989 
31.2429996 
68.7509999 


5.87089863 
6.5606  890 
7.4387,  914 
8.55551  936 
10.078 
12.250 
15-605 
21.470! 
34  368 


5 .  9758'9868  6 .  0844  9872  6 
.8269    899 
7.7704   922I7 


954, 
969 
981 
990 
997 


85.9409999 


6.6913 

7  5958 

8.7769 

10.385! 

13.706! 

16.350 

23.903I 

38.189'  997 

114.58:1.00 


894 
918 

939 
957 
971 
983 
992 


8770  19 
0475^  18 
2371 


4495 
6891 
9617 
2747 


6383  12 
0658  II 
5764    10 


1970 
9683' 
9S3o| 
2553; 


9.0098  9439. 
10.711  959|"oS9| 
13  197'  97413-727; 
17.169  98518.075! 
24.542  993  26.432I 
42.964999849  104 
171.881.00343-77! 


' 

Sf 

60' 

60' 

so'l 

so' 

40' 

40' 

30' 

30' 

20' 

20' 

10' 

10' 

i  Jf 

T3 

COS 

cot 

COS 

cot 

cos 

cot 

COS 

cot 

COS 

cot 

COS 

cot 

•S 

Table  XXV 

TEXAS  LAND  MEASURE 
(Also  Used  in  Mexico,  New  Mexico,  Arizona,  and  California) 


16,000.000 

1. 000.000 

35,000.000 

12.500,000 

6.350.000 

7.335.600 

3.613.800 

1.860.400 

903.300 

451.600 

335.S00 

5.645.376 

To  find  the 

(or  to  be  more 


varas)  » i  league  and  I  labor 
varas)  —  I  labor 
varas)  » 1  league 
varas)  —i  league 


sq.  varas  (square  of  5099 

sq.  varas  (square  of  1000 

sq.  varas  (square  of  5000 

sq.  varas  (square  of  3535.5 

sq.  varas  (square  of  3886.7 

sq.  varas  (square  of  3500 

sq.  varas  (square  of  3688 

sq.  varas  (square  of  1900.8 

sq.  varas  (sqtiare  of  IJ44  ■.^.^.  -,  ^^..».. 

sq.  varas  (square  of    950.44    varas)  »  \  section 

sq.  varas  (square  of    673  varas)  -|  section 

sq.  varas  (square  of    475  \-aras)  ~ft  section 

»q.  varas  (square  of      75-137  varas)  -4840  square  yards 

number  of  acres  in  any  number  of  square  varas.  multiply  t 

exact,  by  177I).  and  cut  off  six  decimals. 


varas)  —  t  league 

varas)  —  {  league 

varas) 

varas)  •  I  section 

varas)  —^  section 


acres, 
acres, 
acres, 
acres. 


—  4605.5      acres. 

—  177.136  acres. 
^4438.4      acres. 

»33I4.3 

-1476.13 

—  1 107. 1 
-1380 

—  640 

—  330 

—  160 

—  80 

—  40  acres. 

t         acre. 
he  Utter  by  177 


acres. 


I  van  -33)  indiM. 


1900.8  was  —  I  mile. 
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Table  XXVI 

BAUME  GRAVITY  AND  TEMPERATURE 


Temperatures. 

Grav- 
ities., 

35" 

40' 

45° 

50" 

55° 

6o» 

65" 

7o» 

75° 

80' 

8S° 

90° 

20 

21  S 

21. 1 

20.8 

20.5 

20.3 

20.0 

19.7 

19.4 

19. 1 

18.9 

18.6 

18.4 

21 

22. s 

22.1 

21.8 

21.5 

21 

3 

21.0 

20.7 

20.4 

20.1 

19.8 

19.6 

19  3 

22 

23.6 

23.2 

22.8 

22. s 

22 

3 

22.0 

21.7 

21.4 

21. 1 

20.8 

20.5 

20.3 

23 

24.6 

24.2 

239 

23.6 

23 

3 

23.0 

22.7 

22.4 

22.1 

21.8 

21.5 

21.3 

24 

25.6 

25.2 

24.9 

24.6 

24 

3 

24.0 

23- 7 

234 

23.1 

22.8 

22.5 

22.2 

25 

26.6 

26.3 

2S  9 

25.6 

25 

3 

25.0 

24.7 

243 

24.0 

237 

23-5!  23.2 

26 

27.7 

273 

26.9 

26.6 

26 

3 

26.0 

25-7 

25-3 

25.0 

24.7 

24.4!  24.1 

27 

28.7 

28.3 

28.0 

27.6 

27 

3 

27.0 

26.7 

26.3 

26.0 

257 

25-4!  25.1 

28 

29.7 

293 

29.0 

28.6 

28 

3 

28.0 

27.7 

273 

27.0 

26.7 

26. 4I  26.0 

29 

30-7 

304 

30.0 

29.7 

29 

3 

39.0 

28.7 

28.3 

28.0 

27.6 

27  3 

27.0 

30 

31-8 

314 

310 

30- 7 

30 

3 

30.0 

•29.7 

29  3 

29.0 

28.6 

28.3 

38.0 

31 

32.8 

324 

32.1 

31-7 

31 

3 

310 

30.6 

30.3 

29.9 

29.6 

29.3!  28.9 

32 

33-8 

33-5 

33- 1 

32.7 

32 

4 

32.0 

31-6 

3i  3 

30.9 

30.6 

30. 2|    29.9 

33 

34-9 

34- S 

34-1 

33-7 

33 

4 

33  0 

32.6 

32.3 

31-9 

31.6 

312     30.8 

34 

35-9 

35-5 

35-i 

34-8 

34 

4 

34- 0 

33-6 

33  3 

32-9 

32.5 

32. 2|   31.8 

35 

36.9 

36.S 

36.2 

35-8 

35 

4 

350 

34  6 

34-3 

33  9 

33-5 

33  I    32.7 

36 

38.0 

37.6 

37-2 

36.8 

36 

4 

36.0 

35-6 

35-2 

34-9 

34-5 

34- 1 

33  7 

37 

390 

38.6 

38.2 

37.8 

37 

4 

370 

36.6 

36.2 

35-8 

35-5 

35- 1 

34  7 

38 

40.0 

39-6 

39-2 

38.8 

38 

4 

38.0 

37-6 

37-2 

36.8 

36.4 

36.0 

35.6 

39 

41.0 

40.6 

40.2 

39-8 

39 

4 

390 

38.6 

38.2 

27.8 

37-4 

370 

36.6 

40 

42.1 

41.6 

41.2 

40.8 

40 

4 

40.0 

39  6 

39-2 

38.8 

38.4 

38.0 

37.6 

41 

43  1 

42.7 

42.3 

41.8 

41 

4 

41.0 

40.6 

40.2 

39  8 

39  4 

38.9 

38.  s 

42 

44.1 

43  7 

43-3 

42.9 

42 

4 

42.0 

41.6 

41.2 

40.8 

30.4 

39  9 

39  5 

43 

45-2 

44-7 

44-3 

43-9 

43 

4 

430 

42.6 

42.2 

4t.7 

41-3 

40.9 

40.  S 

44 

46.2 

45-7 

45-3 

44-9 

44 

4 

44.6 

43  6 

43- 1 

42.7 

42.3 

41.9!  41-4 

45 

47.2 

46.8 

46.3 

45-9 

45 

5 

450 

44  6 

44.1 

43-7 

43  3 

42.8 

42.4 

46 

48.3 

47.8 

47-3 

46.9 

46 

5 

46.0 

45-5 

45- 1 

44-7 

44.2 

43.8 

43  4 

47 

49  3 

48.8 

48.4 

47-9 

47 

5 

47.0 

46.5 

46.1 

45-7 

45  2 

44.8 

44-4 

48 

50-4 

49  9 

49-4 

48.9 

48 

S 

48.0 

47. 5 

47.1 

46.6 

46.2 

45-7 

45  3 

49 

514 

50.9 

SO. 4 

50.0 

49 

5 

49  0 

48.  s 

48.1 

476 

47-2 

46.7 

46.3 

SO 

52s 

52.0 

Si-5 

510 

50 

5 

50.0 

49  5 

49.1 

48.6 

48.1 

47-7 

47-3 

51 

535 

S3  0 

S2.S 

52. 0 

SI 

5 

510 

50.5 

so.  I 

49  6 

49  I 

48.6 

48.3 

52 

54-6 

540 

53-5 

530 

52 

5 

52. 0 

51  5 

Sio 

50.5 

SO.i 

49.6 

49  2 

53 

55-6 

SS-i 

54  5 

54  0 

S3 

5 

53  0 

52.5 

.52.0 

Si-5 

51. 0 

50.6 

SO.  I 

54 

56.7 

56.1 

556 

SS-o 

54 

5 

S40 

53  5 

S3  0 

525 

52.0 

51.5 

51. 1 
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Table  XXVI— Continued 

XdDper&tures. 

Gt&v* 

ttlM. 

35* 

4o' 

45* 

5o' 

55' 

6o«     65- 

TO- 

75' 

8o' 

8S' 

9o' 

55 

57-7    571 

56.6 

56.1 

55.5 

55  0   54  5 

54.0 

53-5 

53  0 

52.5 

52.0 

56 

58.8   58.3 

57-6    57.1 

S6.S 

56.0 

55  5    55  0   54  4  53  9 

53  4 

S3  0 

57 

59  8   59-2 

58.7    58.1 

57. S 

S70 

56.5 

55  9,  55  4;  54  9 

54  4 

S3  9 

58 

6o.9j  60.3 

59-7 

59  I 

58.5 

58.0 

57-5 

56.9 

56  4    55  9 

55  4 

54  9 

59 

61.9!  61.3 

60.7 

60.1 

59  6 

590 

58. 5 

57  9 

57-4 

56.8 

57.8 

56.3 

55.8 

60 

63. oj  63.3 

61.7 

61. 1 

60.6 

60.0 

59  4 

58.9    58.3 

57  3 

56.8 

61 

64  oi  63.4 

63.8;  63.3 

61.6 

61.0 

60.4 

59  9    59  3 

58.8 

58.3 

57-7 

63 

65.1]  64.4 

63. 8|  63.3 

62.6 

62.0    61.4 

60.9    60.3 

59  7 

59.2 

58.7 

63 

66.1    65.5 

64.8^  64.2 

63  6 

63.0    62.4 

61.8    61.3 

60.7 

602 

59  6 

64 

67.3    66. s 

65. 8j  65.2 

64.6 

64.0    63.4 

62.8    63.3 

61.7 

61   I 

60.6 

6S 

68.3    67.5 

66.9;  66.2 

65.6 

65 . 0    64 . 4 

63.8    63.2 

63.6 

62.1 

61  5 

66 

69.3    68.6 

67  9'  67.2 

66.6 

66.0 

65.4 

64.8    64.2 

63  6 

63.0    62.5 

67 

70.3    69.6 

69.0  68.3 

67.6 

67.0 

66.4 

65.8 

65.3 

64.6 

64.0   63.4 

68 

71.41  70.7 

69.9   69.3 

68.6 

68.0 

67.4 

66.7 

66.1 

655 

64.9    64.4 

69 

7«.5J  71-7 

71.0 

70.3 

69.6 

69.0 

68.4 

67.7 

67.1 

66.5 

65  9 

653 

70 

73-5    72-7 

73.0 

71-3 

70.6 

70.0 

69.4 

68.7 

68.1 

67-5 

66.9 

66.3 

71 

74-6!  73.8 

730 

72-3 

71.7 

7i<> 

70.3 

69.7 

69.t 

68.4 

67.8    67.3 

7a 

75 -61  74  8 

74  » 

73-3 

73.7 

73.0 

71.3 

70.7 

70.0 

694 

68.8   68.3 

73 

76.7!  75  9 

75-» 

74-4 

73-7 

73  0 

72-3 

71-7 

71.0 

70.3 

69.7 

69.1 

74 

77.7'  76.9 

76.1    75  4 

74-7 

74  0 

73  3 

73.6 

73.0 

71.3 

70.7 

70.1 

75 

78. 7|  77-9 

77.3 

76.4 

75-7 

750 

74.3 

736 

72.9 

73.3 

71.6 

71.0 

76 

79- 7i   78.9 

78.3 

77.4 

76.7 

76.0 

75-3 

74.6 

73-9 

73  2 

73.6 

71.9 

77 

8o.7|  80.0 

79.3 

78.4 

77.7 

77.0 

76.3 

75-6 

74  9 

74-2 

73-5 

72.9 

78 

81.8    81.0 

80.3 

79-5 

78.7 

78. a 

77-3 

76.  s 

75-8 

75-1 

74-5 

73  8 

79 

83.8   83.0 

81.3 

80.S 

79-7 

79.0 

78.3 

77.5 

76.8 

76.1 

75-4 

74.8 

80 

83.8:  83.0 

83.3 

81.5 

80.7 

80.0 
81.0 

79  3 

78.S 

77.8 

77-1 

76.4 

75  7 

81 

84.8   84.1 

83  3'  83.5 

81.8 

80.3 

79.5 

78.8 

78.1 

77-4 

76.6 

83 

85.8!  85.1 

84-3,  83. 5 

82.8 

82.0   81.2 

80.S 

79  8 

79.1 

78.4 

77.6 

83 

86.9'  86.1 

8S  31  84.6 

83.8 

83.0   8a. 2 

81. s 

80.8 

80.  J 

79  3 

78.6 

84 

87. 9'  87.1 

86.4'  85.6 

84.8 

84.0'  83.2 

83.5 

81.7 

81.0 

803 

79-6 

85 

88. 9i  88.1 

87.4   86.6 

85.8 

85. o|  84.2 

83.5 

83.7 

83.0 

8r.3 

80.6 

86 

89.9   89.3 

88.4;  87.6 

86.8 

86.0'  85.2 

844 

83.7 

83.0 

82.3 

81.6 

87 

90.9   90.3 

89.4   88.6 

87.8 

87.0   86.2 

85.4 

84.7 

84.0 

833 

83.6 

88 

91. 9I  91.3 

90-5 

89.6 

88.8 

88.0 

87.3 

86.4 

857 

85.0 

843 

83.6 

89 

93. oj  93.3 

91-5 

90.7 

89.8 

89.0 

88.3 

87.4 

86.7 

86.0 

853 

84.6 

90 

940   93  2 

92.5 

91.7 

90.8 

90. a 

89.1 

88.4 

87.7 

87.0 

86.3 

85.6 
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Table  XXVII 

WEIGHT  AND  GRAVITY 
LiQtnDs  Lighter  than  Water  at  6o°  F. 


Degrees 
Baum6. 


lO 
II 
12 
13 
14 
IS 
16 

17 
18 

19 
20 
21 
22 
23 
24 

2S 
26 
27 
28 
29 
30 
31 
32 

33 
34 
35 
36 
37 
38 
39 
40 

4t 
42 


Specific 
Gravity. 


I.CXXXJ 

0.9929 
0.9859 
0.9799 
0.9722 

0.9655 
0.9589 

0.9523 
0.9459 
0.939s 
0.9333 
0.9271 
0.9210 
0.9150 
0.9090 
0.9032 
0.8974 
0.8917 
0.8860 
0.8805 
0.8750 
0.8695 
o . 8641 

0.8588 
0.8536 
0.8484 
0.8433 
0.8383 
0.8333 
0.8284 
0.8235 
0.8187 
0.8139 


Actual 
Weight 

per 
Gallon. 


8.32 
8.27 
8.21 

8.16 
8.10 
8.04 
7.99 
7.93 
7.88 

7.83 
7.78 
7.72 
7.67 

7.62 
7. 57 
7. S3 
7.48 
7.43 
7.38 
7-34 
7.29 
7.24 
7.20 

715 
7. II 
707 
703 
6.98 
6.94 
6.90 
6.86 
6.82 
6.78 


Billing 
Weight 

per 
Gallon. 


7i 

7h' 

7\ 

7i 

7l 

7l 

7i 

7i 

7i 

7i 

7i 

7i 

7 

7 

7 

6J 

6J 

6} 

6} 

61 


Degrees 
Baum6. 


43 
44 
45 
46 
47 
48 

49 
50 
SI 
52 
S3 
54 
55 
56 
57 
S8 
59 
60 
61 
62 
63 
64 
65 
66 

67 
68 
69 

70 

75 
80 

8S 
90 

95 


Specific 
Gravity. 


0.8092 
0.8045 
0.8000 

0.7951 
0.7909 
0.786s 
0.7821 
0.7777 

0.7734 
0.7692 
0.7650 
0.7608 

0.7567 
0.7526 
0.7486 
0.7446 
0.7407 
0.7368 

0.7329 
0.7290 

0.7253 
0.7216 

0.7179 
0.7142 
0.7106 
0.7070 

0.703s 
0.7000 
0.6829 
0.6666 
0.6511 
0.6363 
0.6222 


Actual 
Weight 

per 
Gallon. 


6.74 
6.70 
6.66 
6.63 
6.59 
6.55 
6.52 
6.48 
6.44 
6.41 

6.37 
6.34 
6.30 
6.27 
6.24 
6.20 
6.17 
6.14 
6.11 
6.07 
6.04 
6.01 
5  98 
5  95 
5  92 
5  89 
5.86 
583 
5  69 
S-SS 
5-42 
5  30 
5  18 


Billing 
Weight 
^per 
Gallon. 


6! 

61 

61 

61 

61 

61 

61 

61 

61 

61 

61 

61 

6i 

6i 

61 

61 

6^ 

6t 

6i 

6 

6 

6 

6 

5l 

5i 

5l 

Si 

Si 

si 

Sh 

si 


This  table  is  calculated  for  a  temperature  of  60°  F.  and  is  based  on  the  formulc: 


140 


B<.°+i3o 


■  specific  gravity  and 


140 


Specific  giavity 
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